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OUTPUT FRE Gut uot & 
* e 


TYPE 1303-A 
TWO-SIGNAL GENERATOR 
$1050 


Fa Now Two-Signal Audio Generator 


Ideal for Non-Linear Tests On: v'- Audio Amplifiers ¥: Hearing Aids <: Filter Networks * Noise 
Suppressors * High-Efficiency Speech Reproducing Systems * Loudspeakers ;\: F-M Systems with 
Pre-Emphasis * Recording Systems %* Any System of Restricted Frequency Range 


The new G-R Type 1303-A Two-Signal Audio Gener- 
ator supplies signals by the beat-frequency method. 
Three oscillators and three mixers are used to provide a 
number of output-signal combinations. The output of 
the mixers are combined in a linear adding network and 
then amplified through a very low-distortion power 
amplifier. The output from the amplifier is fed into a 
600-ohm attenuator system, with a voltmeter to monitor 
the level at the input of the attenuator. The harmonic 
content and inter-modulation products in the final out- 
put are at a very low level. High stability of voltage and 
frequency are provided. The frequency drift from cold 
start is only a few cycles. 


This A-F Signal Generator will supply 
the following signals: 


e A single low-distortion sinusoidal voltage, adjustable 
in frequency from 20 cycles to 40 kilocycles, in two ranges. 


@ Two low-distortion sinusoidal voltages, each sepa- 
rately adjustable, one to 20 kc and the other to 10 kc. 


@ Two low-distortion sinusoidal voltages with fixed 


difference in frequency maintained between them as 
the frequency of one is varied. The fixed difference fre- 
quency is adjustable up to 10 kc, and the lower of the 
two frequencies is adjustable up to 20 kc. 


The output is continuously adjustable and is calibrated 
both in volts and in db with respect to 1 mw into 600 
ohms. The frequency calibration can be standardized 
within one cycle at any time. Its accuracy is + (1% + 
0.5 cycle). 


This generator is an excellent and versatile signal source for 
the three standard non-linear distortion tests: 


1. The widely used harmonic distortion test. 


2. The intermodulation method that evaluates distor- 
tion in terms of the resultant modulation of a high- 
frequency tone by a low-frequency tone. 


3. The difference-frequency intermodulation test, which 
evaluates distortion in terms of the amplitude of the 
difference-frequency components produced by inter- 
modulation of two sinusoidal test signals of equal 
amplitude. 


Write for Complete Information 


GENERAL RADIO COMPANY 


920 S. Michigan Ave., Chicago 5 


90 West St., New York 6 


Cambridge 39, 
Massachusetts 


1000 N. Seward St., Los Angeles 38 
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POWERSTAT 
TYPE 20 


POWERSTAT 
TYPE 2PF1126 
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POWERSTAT 
TYPE 116U 





POWERSTAT 
TYPE 1126 






STABILINE 
TYPE EM6220Y 





STABILINE 
TYPE EM4115 








POWERSTAT 
TYPE 116 











POWERSTAT is 
TYPE MZ1126-3Y 
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POWERSTAT 
TYPE 1256 POWERSTAT 


TYPE MW1156-6Y 
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ie * e STABILINE 
| __ TYPE 1E51005 
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STABILINE 
TYPE 1ES1O1R 









VOLTBOX 
TYPE UCIM 








VARICELL 
TYPE 13015 
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POWERSTAT Variable Transformers 


For variable a-c voltage control, a complete line of standard POWERSTAT variable transformers is 
available in air-cooled, oil-cooled and explosion-proof models for manual or motor-driven operation. 
They are the ideal source of continuously adjustable voltage from a-c power lines — featuring excellent 
regulation, high efficiency, conservative ratings, zero wave-form distortion, rugged mechanical con- 
struction, smooth control and easy mounting. The standard types are offered in 115, 230 and 460 
volts, 25 and 50/60 cycles, single and three phase ratings in capacities from 405 VA to 100 KVA. 
For 400 cycles and higher frequency applications and for those requirements involving JAN specifi- 
cations, there is a line of non-cataloged POWERSTAT variable transformers. Bulletin P550 describes 
in detail the complete line of standard POWERSTATS. 


| STABILINE Voltage Regulators 


For maintaining constant output voltage from fluctuating a-c power lines STABILINE automatic voltage 
regulators are offered in two models — Type IE (Instantaneous Electronic) and Type EM (Electro- 
| mechanical) to suit the needs of individual requirements. Type IE provides almost instantaneous cor- 

rection . . . is completely electronic in action with no moving parts. Waveform distortion never exceeds 

3%. Output voltage is held to within + 0.1 percent of nominal for wide line variations; to within 

+ 0.15 percent of nominal for any load current change or load power factor change from lagging .5 

to leading .9. Capacities range from 250 VA to 5 KVA. Type EM is ideal for those applications where 

zero waveform distortion, low cost and high efficiency is required but instantaneous correction is not 

essential. They feature insensitivity to magnitude and power factor of load and do not affect the 

system power factor. Numerous types are available in ratings to 100 KVA. Bulletin $351 fully describes 
both types of standard STABILINES. For information on STABILINES built to JAN requirements and for | 
400 cycie operation, send the engineering details of your application to Superior. 


VOLTAGE CONTROL 
EQUIPMENT 


VARICELL D-C POWER SUPPLIES i, 


The VARICELL is the ideal source of low d-c voltages. It operates from an a-c power source to deliver a stabil- 
ized and regulated variable range of d-c voltages. Stabilization and regulation is = 0.25 volts and R.M.S. 


ripple voltage never exceeds 0.1 volts. More engineering data in SECO form 2504. 


VOLTBOX A-C POWER SUPPLIES 


The VOLTBOX is a much needed instrument in the laboratory, inspection, test and plant maintenance depart- 
ments, It is a compact, portable source of variable a-c voltage with all the necessary components in a 


lightweight case. Further information is found in Bulletin P550. 








The Superior Electric complete line of voltage control equipment provides from one source apparatus to meet 
any and all requirements. With Superior equipment, you are assured of the highest quality and top electrical 
performance. If you are in doubt regarding your requirements, SECO engineers are in your territory to assist 
you. Meanwhile, use the coupon below to obtain complete information on any voltage control equipment in 


which you are interested. 


rue SUPERIOR ELECTRIC co. 7-9 E& 
BRISTOL, CONNECTICUT WS 



















; ap Patio ~~ Wy -. ve tae 
a ] ana ms 
' 
H THE SUPERIOR ELECTRIC CO., 702 CHURCH STREET, BRISTOL, CONNECTICUT Z 
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H My Name . ee eae a ee “ i] 
; Company Name a ee = ——— + 
; Company Address i ea Re Ea Bee H 
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-from design 
-. fo installation 
~ of instruments 








Three tier 
Switchgear 
Cabinet 


=service on control 
panels is complete! 





SEE\OUR 
CATALOG IN 
SWEET'S 






\ 
—=miala 
ke Now you can look to Falstrom for 
é complete service on panelboards, switch- 
‘ boards, cubicles, instrument panels, entire con- 
k 4 trol centers and switchgear housings. Falstrom 
of does considerably more than design and pro- 
i! duce functional and distinctive, finished hous- i 
ik ings. The new Falstrom service includes piping, 
oy procurement and installation of instruments 
= and other accessories as specified. All work 
Ei performed at Falstrom is done by engineers 
pr and skilled technicians completely familiar with 
7 j each phase of the installation. Check on this i 
Bei Falstrom service, now. Use the handy coupon 





below for details. 


FALSTROM 


) COMPANY 


(1) INSTRUMENT 





Gentlemen: 
7 I am interested in the items oO ae 
I) checked. Please send complete SOAReS 
f%] information at once. 1 GAGE 
om BOARDS 
ra C compete [ 
pee «TITLE ee ae CONTROL 
. CENTERS 
at COMPANY Silica diinitbiisintciai oO PIPING AND 
E>  $TREET ADDRESS eee INSTRUMENT 
Ly INSTALLATION 
ez CITY... 
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AIRCRAFT THERMOMETER 


WaS WEIS 


FOR TESTING AIRCRAFT TEMPERATURE INDICATORS... 
BOTH RATIOMETER AND THERMOCOUPLE TYPE 











@ Portable working standards 
for use in the repair shop or 
158 in the airplane. 


139 @ Calibrated with precision 
equipment by skilled per- 
sonnel. 


@ Unique principle of operation 





insures long trouble-free ser- 
vice with continued accuracy. 


203 @ Supplied with test leads and 
es adapters for quick connection. 
740 @ Easy to operate. 

@ Self-contained batteries. 


209 


@ Sturdy hardwood case. 





MODEL 81TT9 is provided with the following calibration ranges for Thermocouple 
Thermometers —O to 1000°C chromel-alumel, minus 50 to plus 350°C iron-constantan and 
minus 50 to plus 350°C copper-constantan. Calibration points for ratiometers are provided for 
Ps the following in centigrade —70, —50, —30, —10, 0, 10, 30, 50, 80, 100, 120 and 150, for dual or 
single indicators, in accordance with the AN-B-19 Curve. 


MODEL 8I1TTS5 is provided with calibration steps similar to the 81TT9, except that a 


Are. range of zero to 600°F copper-constantan is substituted for the 0 to 1000°C chromel-alumel 
bf range, to provide means of checking this type of indicator found on some commercial aircraft. 
23) 

a Only a few simple operations are required to test temperature indicators with these instru- 
mie, ments. Connect the indicator with the clip or plug leads, turn the resistance-voltage switch 
wl as required, adjust standardizing voltmeter to a red line by means of the rheostat and turn 
600 temperature selector switch. By comparing the indicator reading with the switch setting, the 
0.80 scale error of the indicator is determined. 


noslo- 
. and 


a) THE LEWIS ENGINEERING CO. 


ce of 


at Manufacturers of Complete Temperature Measuring Systems for Aircraft 
a or ewer Wee ee) ee ee Ce OO 
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ORDERS POURING 
TAYLOR TRANSET 








SET POINT 
| /\ SET POINT 
"4 —_—-_’ 
START-UP LOAD CHANGE START - UP LOAD CHANGE 

















(B) Result produced by Transer Tri-Acr Controller 


(A) Process curve obtained by Conventional Controller 
under same conditions as **A™’ 


with Automatic Reset. 


If you want to eliminate overpeaking on start-up... If you want to reduce the effect of load changes — 


If you are engineering anv new process, call in Taylor 
right now. Because with this new System you can spec- 
ify the exact quality of control you want in advance. 
Components of the System can be put together like 
building blocks to meet final plant needs. 


You ought to have at least one of these systems on 
test so that you'll know from first-hand experience 
how this new control circuit takes the evils out of 
Automatic Reset and gives the benefits of Rate 
Action with stability. 





TAYLOR TRANSET CONTROL SYSTEM 


A New Concept in Pneumatic Control 








\ TRANSAIRE > > > ~—> ~«TRI-ACT 
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TRANSMISSION LINE / 
lcseisenasieiaansaaeieeseeameediones i = ae 
—— ——e pinta = 
FRACTIONATION a CONTROL LINE ft 
atatscectte - | 
| ouTPuT = 
CONTROL ~ ie 
<a VALVE oon 
SUPPLY sliaiaciiieainae BACK 
AiR SUPPLY 
| TRANSET / 
1 © RECORDER 
— & 4" TRANSET 
RorLUx TRI-acT 
rf CONTROLLER — 

















] 
N 
Syste: 
This 
unbel 
cond: 
dustri 


yield 


The 7 
TRAN 
sure t. 
measu 
pressu 
types 

which 
ments. 
contro 
ing sy 
TRAN! 
openir 
hours 

Other 

of cor 
instant 
valve p 
Ask yo 
Strume 
or Tor 
indicat 
tem pere 
and lig 


a 1N FOR THE NEW 
“CONTROL SYSTEM 





cr 























New Concept in Pneumatic 


a. everyone in the industry is talking about 
1 N the benefits of the new Taylor TRANSET Control 
System. Orders are literally pouring into Rochester. 
This new concept in pneumatic control, which gives 
unbelievably close control under adverse operating 
conditions, is a great contribution to all process in- 
dustries. In almost any process, it will result ina higher 
yield of top quality product at lower cost. 


The Taylor TRANSET Control System combines: (1) 
TRANSAIRE*, the force-balance temperature or pres- 
sure transmitters which have created new standards in 
measuring dynamic, or changing, temperatures and 
pressures. (The System works equally well with all 
types of transmitters.) (2) TRI-ACT*, the Controller 
which combines a wider range of response adjust- 
ments, an increased capacity relay air valve, and a new 
control circuit, to take advantage of the faster measur- 
ing systems. Can be locally or panel mounted. (3) 
TRANSET Recording Receiver, fits 37%’ x 414” panel 
opening, gives continuous 30-day chart record with 3 
hours visible—especially adaptable to graphic panels. 
Other equally important features are: remote settings 
of control point, automatic-to-manual control, and 
instant check on controller performance and control 
valve position. Also available as an indicator. 


Ask your Taylor Field Engineer or write to Taylor In- 
strument Companies, Rochester, N.Y., : 


or Toronto, Canada. Instruments for 










indicating, recording and controlling 


ope ¢ accuracy FIRST 
temperature, pressure, humidity, flow \\ sevs Y 
and liquid level, WT, 


| Control is talk of Industry 





HERE’S HOW YOU BENEFIT: 


1— More Accurate Measurement 
2—Closer Control on Any Process 
3—Higher Processing Efficiency 
4—Start-Up With No Overpeaking 
5— Faster Recovery On Load Changes 
6—30-Day Chart Record On 43%" x 5” Panel 
Space 
7—Permits Specifying Instrumentation Before 
Finalizing Process Design Details. 
SEND FOR: 
ASME Paper #50-A-100. It tells the theory 
of TRI-ACT Control. 


Taylor Bulletin 98097. It gives details of 
design and construction. 














ACCURACY FIRST 








INDUSTRY 


IN HOME AND 
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CARBOLOY is ready to 


for Alnico |p 


Production facilities | an 
available for many |es: 


















Pouring molten Carboloy Permanent Magnets 
from electric furnace at 1800°C. Samples of 
every melt are checked for physical, chemical, and 
metallurgical qualities before release for fabrication. 







WORE cs we 7 calle Miki , ~~ 
Every Carboloy Alnico Permanent Magnet is 
subjected to countless quality checks like this 
flux test to assure you of outstanding uniformity 
and performance. 









a 
alg 







CARBOLOY CO., INC. 








>» AAWVAWEE EEE 






® 
| ; for the finest 
As permanent magnets move from one production step to the ° ° 
next, every batch is quality checked and recorded. in versatile metals 
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serve your defense need 
) permanent magnets 


s |and expert engineering services 
y {essential magnet requirements 











Carboloy’s rigid quality 

tests pay off in uniform 
high quality Carboloy Perma- 
nent Magnets for peace-time 
uses like this television tube. 
You are assured of the same 
high quality for radar and 
other defense applications. 





et is 


c. 





this 
mity HROUGHOUT 1950 Carboloy Company ex- 


panded and improved its facilities for the 
manufacture of permanent magnets (Alnico and 
other types), and increased its technical organi- 
zation. Today, Carboloy’s extensive production 
facilities and its engineering consultants and 
technicians are available to give immediate 
attention to your orders for many essential 
magnet requirements. 


For over 22 years the name Carboloy has been 
a synonym for uniformity and outstanding qual- 
ity with users of cemented carbides. In the 
present emergency the long-time Carboloy 
standards of continuous quality control are being 
applied to assure you of uniform Alnico perma- 
nent magnets. Write today for information: 
Special Metals Division, Carboloy Company, Inc., 
11155 E. 8 Mile Ave., Detroit 32, Michigan. 


@® The trade-mark ‘Carboloy’’ denotes manufacture by Carboloy Company, Inc. 


CARBOLOY 


THE QUALITY BRAND 





(Alnico and other types) 
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ARMA ANALOGUE COMPUTER 































YES, AND EVEN UNDER THE SEA 


The Analogue Computer has long held a high place in Arma’s work in such 
specialized fields as automatic gun-laying and torpedo-data computing 
for the U.S. Navy. Its present wider application to the needs of the other 
Services stems largely from accelerated post-war engineering at Arma, 
which resulted in miniaturizing its components and at the same time making 
them interchangeable and more accurate. 


By this Arma development, the Analogue Computer has reached a new| 
level of importance as a contributing factor in the high accuracy of Amer- a) 
ican arms. It is typical of many things developed by Arma engineers to aid — 
in making America safe against those who wish to destroy it. sme 
tight shi 
sion cont 


ARM A CORPORATION 
quacity 4 I MA B\VFecision 254 36th STREET, BROOKLYN 32, N. Y. 
INSTRUMENT 


SUBSIDIARY OF AMERICAN BOSCH CORPORATION 


PRINCIPAL PRODUCTS | trent cmptter:: Sterne tactumenetten® Novigetonc! & Plttioy Tastroments © Mathoniel Computes © Sere Machen 
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ANNIN DOMOTOR 
CONTROL VALVE 


Representing The.Greatest 
Control Valvé Improvement 
of The Century. 





Consistently . .-Annin Domotor Valves Improve Performance and Save Money 
In Every Industry! When you specify ANNiIN Domoror Valves you get the 
benefits of a revolutionary, but thoroughly field proven and accepted, valve design 
that brings you greater benefits than ever before possible. In many industrial 


applications, a new standard of valve performance has been made possible 
—opening an entirely new field for instrumentation engineers and control valve 
buyers alike. ANNIN VALVES SAVE MONEY because they make possible 
simplified maintenance, reduced inventories, greater utilization. It'll pay you 

to investigate ANNIN Valves for yourself. Send for an ANNIN Bulletin today! 


ir | 




















SINGLE SEAT — provides SPLIT-BODY CONSTRUC- INTERCHANGEABLE SMOOTH, POSITIVE AC- DIRECTIONAL FLEXI- 
tight shut-off and preci- TION — simplifies mainte- FLANGES — increase flexi- TION —BOTH WAYS! BILITY — provides even 
sion control. nance, reduces weight, bility, reduce inventories. Gives precision fluid con- greater application flexi- 
lowers first cost. trol, greater stability. bility without additional 

cost. 


ANNIN DOMOTOR VALVES 





THE ANNIN COMPANY 3500 UNION PACIFIC AVE., LOS ANGELES 23, CALIF, 
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NOW 


MULTIPOINT 
CAPACILOC 


easy to read... 
to operate... 
fo service... 








instrumentality ...with 


ee + emcee me 





The Multipoint Capacilog, embodying the Easy to read because of a simple 
numbering system for instant iden- 


latest features of Wheelco Instrumentality, tification of the different curves— 


‘ — ; ; ‘ l lirect i i > 

is a Multipoint Direct Deflection Type Strip a, ee eae ae 
a stationary scale. 

Chart Recorder giving up to six variable re- Easy to operate because the 


, : Efectronic Link—Wheelco Instru- 
cordings on one chart. Used with furnaces, ndiniin~ Able enaiiinn denen 


ovens, kilns, and other processing equipment, to its simplest form. 


Easy to service because the Mul- 


ipoi apacil 1 rmane tei 
the Multipoint Capacilog gives a permanent tipoint has fewer moving parts, 


record of temperature, speed, and other elec- simple interchangeability of com- 
ponents with all working parts 
trically measurable variables. quickly and easily accessible. 


Write for Galletin MPC-1 on the new MULTIPOINT CAPACILOG—the latest addition 
to the WHEELCO CAPACILOG SERIES. Remember—when you specify WHEELCO, you get 


instrumentality. Wheelco Instruments Company, 833 W. Harrison Street, Chicago 7, IIlinois 
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At Buckley Brothers—Petroleum Terminal— 
In their new $10 million bulk petroleum 
terminal the Connecticut company selected 
single point CAPACILOGS to control and 
record the temperatures in two huge storage 


tanks with an 8 million gallon capacity. 


| 


. | 

‘ é | ® re | | 
- & = 
one 





»| six memories + 


THE CAPACILOG IN ACTION...for service 


Simplicity of operation and construction... At Armstrong Blum Company —Heat Treating 


‘ . and Normalizing —This well known manufacturer 
low maintenance cost ... ease of access for in- ) 
of hack saw blades and machines uses single 


ternal inspection; all add up to uninterrupted, point CAPACILOGS for controlling and 
recording temperatures to assure a maximum 


reliable and economic service—a leading rea- of qredudt eniberiity. 


son why more and more manufacturers in the 
various process industries are specifying the 


Wheelco Capacilog. important 


THE WHEELCO SINGLE POINT CAPACILOG is a Wheelco single point Capacilogs 


direct reading, deflection type, strip chart re- are now available for delivery within 
corder which gives you measurement, indica- four to five weeks from receipt of your 


tion and control with a permanent record of 
order. Consult your local 
electrically measurable factors. 


Wheelco representative for details. 


Gt) electronic controls 
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How Socony-Vacuum 
“avoided” 20% of 
process heater fuel bill 







When engineers at Socony-Vacuum, Trenton, Michigan refinery developed a 
complete fuel conservation program, process heaters came under close 
scrutiny. Socony-Vacuum engineers felt they could reduce the total cost of 
fuel used in raising the temperature of petroleum stock if they could keep the 
amount of excess air in the flue gases at a minimum. 


program 





Socony’s instrument engineers wanted an instrument which would indicate 
excess air, so that they could make adjustments to keep the air at a minimum 


need 





and thus save fuel. 


must provide a continuous indication so that changes could be spotted 


specifications 
for instrument 


immediately. 
must not be affected by changes in fuel composition since different 
fuels are used in the heater furnaces. 








must not be affected by the presence of Hydrogen in the gas sample. 





preferably, measurement should have direct relationship to excess air. 


four HAYS MAGNO-THERM 

selected OXYGEN ANALYZERS 
and two HAYS 2-PEN 

ELECTRONIC RECORDERS 


The entire fuel conservation program brought 
a 20% reduction in Socony’s annual fuel bill. 
The Hays Oxygen Recorders have proved an 
effective combustion guide on the process 
heaters. 














results » 







improvement in the efficiency of your process heaters can mean large fuel savings. Write for Bulletin 
50-829, 16 pages of information on how the O2 meter works, where it’s used, etc. No obligation. 


THE HAYS CORPORATION amicnican city 8, INDIANA 
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DEHYDRATOR 


assures clean, moisture-free instrument air or other gases 


... for greater instrument accuracy, continuity of opera- 





tions and with less maintenance. Adsorbs all moisture in 





the stream to extremely low dewpoint. 

Many types of Selas Dehydrators—manual, semi- 
automatic and fully automatic—are available for all 
types of industries and operating conditions . . . readily 
reactivated at 300—350°F. utilizing steam, electricity or 
gas. Available as complete coordinated units of compres- 
sor, aftercooler, receiver and Dehydrator . . . or the De- ~ 
hydrator separately. 


SELAS LIQUI-JECTOR 


Designed for automatic and continuous removal of water, oil, 
water-oil emulsions and dirt from compressed air and gas lines. 
No moving parts. Removes particles even finer than 100 microns 
in diameter . . . processes from 10 to 500 cfm. Separation is 
achieved by ceramic filters...requires minimum of maintenance. 


SELAS VAPE-SORBER 


Removes all traces of petroleum vapors—also water, oil, water- 
oil emulsions and dirt. This equipment adsorbs effectively all 
petroleum vapors present in compressed air or gas and provides 
clean supply for instrument, or other critical operation. Vapor 
adsorber is readily replaced when exhausted. 


——, 


ERICA 





RPORATION OF AM 


ylvania 


SELAS CO 
Philadelphia 34, Penns 
t bulletin on: 


» lates 
Please send me 1a ( Vape-Sorber 





tor 
(J Dehydrato (1 Liqui-jector 


Company 


CORPORATION OF AMERICA Address 
PHILADELPHIA 34, PENNSYLVANIA 
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HE new CALIBRATED DIAL now available on Leslie Class T 
and Class M type Temperature Regulators provides quick, 
easy, and dependable temperature settings. A simple turn of the 
dial to the temperature desired is all that is needed. 

This calibrated dial adds the following features to those which 
already make Leslie Temperature Regulators a great value: 


%* TIME SAVING—Just turn the dial to desired setting—no 
need to wait for equipment to heat up to 
find out if setting is correct. 


*% SAFE— Avoids costly overheating caused by guess 
setting. 


* RUGGED— Designed for production line use where 
frequent dependable readjustments are 
necessary for process work. 


*& SIMPLE— Fits in place of standard adjusting sleeve. 
No complicated linkages or gages to go 
out of order or add friction. 


Calibrated Dials are easily installed on Class T and Class M 
Regulators already in service. 

LESLIE engineers are available by phone, mail or personal calls 
to give recommendations on your temperature regulation problems. 


SEND FOR — copy of 
Temperature Regulator Bulletin No. 464B 

















-— ~~] 
f pu ‘ * Lowest Overall Cost per Operating Year 
V, Anniversay 
+ 1900-1950 Look for LESLIE REGULATORS under “Valves” or “Regulators” in your classified telephone 
LESLIE Temperature Regulator ‘ Ly directory in the following cities where LESLIE factory trained engineers are located: 
Class MCC—1 (with Calibrated Dial) Albany, N. Y Buffolo, N. Y. Greensbé Nt c mM kee, Wis. Pittsburgh, Pe. Savannah, Ga. 
Albuquerque, N. M Chicogo, mm. : SG it .C. Mi lis, Minn. Ponca City, la. Seattle, Wash 
ESTABLISHED 1900 as a ok Se 8 Seek. 36 Geee ey. 


Beaumont, Tex Denver, Colo. Kingsport, Tenn. New Orleans, La. Richmond, Va. Tucson, Ariz 


Boltimore, Md 
Birminghom, Ale. Des Moines, lowa. os Angeles, Calif. New York, N. Y. Rochester, N. Y. Wilkes-Barre, Po. 
Boston, Moss Detroit, Mich. Louisville, Ky. Orlando, Fie. Rutherford, N. J. Wilmington, Calif. 
Bridgeport, Conn Duluth, Minn. Memphis, Tenn. Philadelphia, Po. San Francisco, Calif. Youngstown, Ohio 
ES\ Montreal, Que., Can. Toronto, Ont., Can. Vancouver, B.C., Con. Bruxelles-Forest, Belgium 
18 299 Grant Avenue, Lyndhurst, New Jersey 


PRESSURE REDUCING VALVES e PRESSURE CONTROLLERS 


FLOATLESS LEVEL CONTROLS PUMP GOVERNORS ° TEMPERATURE REGULATORS 
SELF CLEANING STRAINERS AIR HORNS © STEAM WHISTLES 
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OR DEEP VACUUM OPERATIONS 


W&T PRECISION INSTRUMENTS 
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THE W&T ABSOLUTE PRESSURE CONTACTOR 


This sensitive, yet durable aneroid device is used for 
actuating an electric circuit at a preset value of absolute 








pressure. 
Outstanding features of the Contactor, type FA-193, 
include: 
Range of 
aajustment ...- 6.0% 0-2 mm Hg. and other. ranges made to cus- 
tomer’s specifications up to 800 mm Hg. 
absolute pressure. 
Sensitivity ...... will make or break within 0.10 mm Hg 
Contact capacity. . . 5 ma at 115 volts A.C. 
Repeatability ..... 0.10 mm Hg. 
Vacuum-tight construction n 
Over pressure protection 
FA-193 THE W&T ABSOLUTE PRESSURE INDICATOR 


This precision instrument is used for quick, dependable 
indications of absolute pressures in the vacuum range. Pres- 
sure readings are independent of the nature of the gas. It is 
available in two dial sizes — 23/4,” and 6”. 

Other features of the Indicator, type FA-160, include: 


PRRs ig sua S fertec lc 0-20, 0-50, 0-100, 0-200, 0-410 and 390-800 
. mm Hg. absolute pressure. 

SONGITIVIEY 6. oss 6s One part in 500 

ACCUTACY 6666.6 600% One part in 300 


Over pressure protection 
Direct readings 
Rugged vacuum-tight construction 


THE W&T ABSOLUTE PRESSURE CONTROLLER 


The Controller with its associated Electronic Relay 
furnishes precision control of absolute pressure and pro- 
vides a continuous indication of absolute pressure. Inde- 
pendent adjustment of the “high” and “low” contacts is 
made through a magnetic clutch thus eliminating stuffing 
boxes and seals and ensuring leak-tight operations. 

Outstanding features of the Controller include: 


PUOMIO yg cist aneeveve 0-20, 0-50, 0-100, 0-200, 0-410 and 390-800 
mm Hg. absolute pressure. 

Sensitivity 2... .< One part in 500 

POBOTOCY. 6k ss. 6% One part in 300 

Relay contact 

capacity .......5 amps, 110 Volts, 60 cycles non inductive 
load. 


Fast accurate response 
Over pressure protection 
Vacuum-tight construction 


Additional Information Will Be Supplied On Request 


WALLACE & TIERNAN 
PRODUCTS, INC. 


ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 





Belleville 9, New Jersey e Represented in Principal Cities 
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Here's How 


Te ee ORDINANCE 






¥%& One of your first steps in erasing these troubles window between the Bolometer and the gas passage. 
which result from excessive smoke, should be the [t’s easy to secure and maintain alignment of the 
installation of a Bailey Smoke Density Recorder. sealed beam light source with the Bolometer since 
WMhic 9 - or i « In: ce ° . 

This 24-hour recorder is not an ordinary photo-cell they are mounted at opposite ends of a slotted pipe 


instrument. Instead it detects smoke density by a which extends across the smoke passage. 


Bolometer which is simply a sturdy tungsten fila- 


Te . fore ‘te information on how you ¢ ofitabl 
ment and a parabolic mirror, mounted in a standard For complete information on how you can profitably 


. . se this unique instrument to erase y¢ smoke 
sealed beam automobile head lamp housing. use this u lique instrument t crm your sm ke 
; ape ; troubles, ask for Bulletin 211, “Bailey Smoke 
In using this simple, unique smoke detector, you do Density Recorder”. 
not have to provide cooling devices since the Bolo- 


meter is not harmed by high ambient temperatures. It AMBIENT 
ae ? SEALED BEAM —- TEMPERATURE 
is completely sealed against dirt and corrosive gases. BOLOMETER COMPENSATOR 


=>} 


Cleaning is simplified by infiltration of clean 














air and by use of the lamp housing lens as the only AIR INLET — || MOE 


PLANE OF SLOT PARALLEL 
SMOKE 


‘|| ACCESS 
TO PATH OF _. DOOR 


Diagrammatic Installation of 
Bailey Smoke Density Recorder. 


LIGHT SOURCE 
/ 


SEALED BEAM 
| PROJECTION SPOTLAMP 


=. 


\ ¥ 
ea 


3 P os se ~ 8: ng — i : % 
ACCESS DOOR as a may. cae os] 
“ 50 OR 60 v (act oe 





\ 
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DIAPHRAGM AREA-SQ INCHES 
hay 
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GREATER POWER « 


for GREATER ACCURACY 


The Diaphragm Motor of the far-advanced K & M 
. ° . Diaphragm contour 
Control Valve is designed for the more exacting needs — molded for lorger 


. e effective area ond 
of modern process industries. An unusually high — full conte with 


diaphragm button 
power-factor is obtained by the carefully-engineered throughout complete 


stroke — keeps ef- 



















New-type tepwerks with 
open yoke of cast steel, 
Combines accessibility 
with strength end resiste 
once to shock, 


. . . . fective r i- 
relationship of large effective diaphragm area and ee kane eee, 
° . ode ° — . full benefit of care- 

heavy, calibrated spring; friction is negligible, inner fully engineered in- 


ner valve charec- 


valve positioning more precise. The diaphragm is _ teristic is essured, 
specially designed for constant affinity with the but- 


ton contour; this assures a uniform effective area ' 
Heavy, calibreted, 


throughout the complete valve stroke, thus more uni- ci hela ng 
diaphragm te give 

formly accurate control. The unusually large area of aie Aa eds 
er - factor; friction 

the diaphragm in relation to the valve size also helps mode negligible, in- 
ner vaive positions 

ing extremely pre- 


assure more precise control. 










































































































































cise. 
K & M motors are available for direct action or 
reverse action without change in effective area or 
stroke. 
” 
Ww 
a 
oO 
] ] = 
300 ce 2 
> 
a 
| & 
150 oils . 
90 g 
70 i preh a 
60 pons 2 
pene —t z 
yA fy | SE bbe 
We t | 
et tg 3" 
30 ert om +3, 
Toe} 172% 
20} z 18" 2 
| ww | | | 
” Se 1 
= | wre 
ae 
Z| | 
o | WA | | ly 
a | bem i 
5 | me 
zi . 
¢ | 
z | | Chart shows effective diaphragm 
- % creos and valve travels on K & M 
z A . 1 th 1% 2 2h 3°94 5 6 8 10 12 Series 1200 ond 1400 Control 
5 VALVE SIZE Valves. 


Established 1879 


KIELEY & MUELLER 
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Center, on black background, 
are the eight standard sizes of 
Arnold Tape-Wound Toroids. 
Around them are a number of 
other cores of special nature 
produced for individual needs. 


ARNOLD "rcromat CORES 
Saale of DELTAMAX 
MAGNETIC AMPLIFIERS 4-79 MO-PERMALLOY 


PULSE TRANSFORMERS 
Mand TRANSFORMERS SUPERMALLOY* 
PEAKING STRIPS, and many other 
specialized applications. In addition to the standard toroids described at left, Arnold 
RANGE OF SIZES Tape-Wound Cores are available in special sizes manufac- 
tured to meet your requirements—toroidal, rectangular or 
square. Toroidal cores are supplied in protective cases. 






















Arnold Tape-Wound Toroids are 
available in eight sizes of stand- 
ard cores—all furnished encased 
in molded nylon containers, and * Manufactured under licensing arrangements with Western Electric Company. w&D 3182 
ranging in size from 2” to 2/2” 
1.D., %’ to 3’ O.D., and Ys" to 
YY," high. 


RANGE OF TYPES 


These standard core sizes are 
available in each of the three 
magnetic materials named, made 
from either .004’’,.002’or.001°’ 
tape, as required. 
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OF THE 





* Compare the diaphragm as- 
sembly of this valve with that 
of any ocher wide band propor- 
tional type. Look at it closely ... 
study it feature by feature. 


Then check the other features of 
the valve . . . the Duplex Stem 
Guide, the One-Piece Bonnet, the 
Packless Bellows Seal, the Safety 
Stem Lubricator, the wide vari- 
ety of discs, the easy reversibility 
in the field from direct to reverse 
acting, or vice versa. 


Your comparison will prove that 
the Honeywell Series 700 has all 
the features you look for in a fine 
valve. 


It’s available in a wide range of 
styles and sizes. For detailed in- 
formation, write for a copy of 
Bulletin 750 or call in your local 
Honeywell engineer . . . he is as 
near as your phone. 


MINNEAPOLIS-HONEYWELL 
REGULATOR Co., Industrial Divi- 
sion, 1908 Windrim Ave., Phila- 
delphia 44, Pa. Offices in more 
than 80 principal cities of the 
United States, Canada and 
throughout the world. 





Pre-Molded Neoprene Diaphragm, with 
rolling action. Eliminates wrinkling or 
buckling . . . responds to slightest change 
in signal air pressure . . . withstands ex- 
cessive pressures ...available with cotton 
or nylon reinforcement . . . permits use of 


gas as actuating medium. 





VALVE 


Duplex Upper 
Stem Guide 


Packless 
Bellows Seal 


Safety Stem 
Lubricator 


One-Piece 
Bonnet 


Wide Variety 
of Discs 


Reversibility 
in the Field 





rR OOD ee! SS 
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accurate - sensitivea 


Now Mercury Check Valves 
Stainless Steel Seats. 


Extended High Side. Prevent Loss 
of Mercury both with Over Range 
and Reverse Flow. 


Do — a ss 


| 


flout in Low Side for 
a! oe 


Plastic Check Valve Floats 
with Guided Stems. 











PNEUMATIC ‘TRANSMITTERS HIGH PRESSURE iRONCASE 
AND CONTROLLERS DISPLACEMENT METERS 
(Bulletin CT-49) (Bulletin 50-A) 


FLANGES | | ORIFICES 
(Bulletin EG-2) (Bulletin EG-2) 


| 
| box a Pa ae 


Page 138—Jnstruments--Vol. 24 

























and built for 
5000 wp. 


In response to insistent demands from gas and oil production men, the Model A-88 50007 





American-Westcott Orifice Meter has been developed for high pressure services. 


Designed in every way to operate safely and accurately under these pressures, the Model 
A-88 5000# Orifice Meter provides every feature that has made American- Westcott Orifice 
Meters outstanding for accuracy, simplicity and low maintenance cost. Its new design 
incorporates the proven features of the American-Westcott Orifice Meter and the many 
recent improvements in the A-88 Series to provide an accurate, rugged meter for today’s 


higher operating pressures. 


— —— Oo Available in 50” and 100” ranges. 


Low-side body constructed of forged steel of high tensile strength — 
high-side body made of extra heavy seamless steel. 


Hydrostatically tested to 10,000 psi. 


All parts can be handled and adjusted by small standard tools. 


Every part accessible for cleaning without removing or loosening 
any connections that affect accuracy. 


a €) Adjustments easily made without disturbing working parts. 


a 7. High sides interchangeable without affecting gage line connections. 


These and other American- Westcott features provide simple, accurate, dependable orifice 
meters that will handle the toughest kinds of measurement problems under the most rugged 
field conditions, with a minimum of servicing. They maintain to the highest degree the 
century old American Meter Company tradition of ‘‘sustained accuracy at lower cost.” 
Write for descriptive matter. 


9 nw OEE EERE OEE E SEER ERE e 


= AMERICAN 


METER COMPANY 


INCORPORATED COSTABLISHEO 18636) 





: GENERAL OFFICES + 60 EAST 42nd STREET, NEW YORK o7,. %.. ¥ 
' 60 East 42nd Street © New York 17, N. Y. © Albany 
; Alhambra ¢ Atlanta ¢ Baltimore © Birmingham 
Boston © Chicago © Dallas © Denver @ Erie 
Fort Lauderdale © Houston © Kansas City © Los Angeles 






(METRIC) 





PILOT LOADED, LARGE NEEDLE VALVES, SCREWED ? Minneapolis © Odessa °¢ Philadelphia bd Pittsburgh 
CAPACITY CBV REGULATOR AND UNION BONNET : Sen fronciece © ‘Tutte, 
(Bulletin 50). (Specification Sheet) : In Canada—Canadian Meter Co., Ltd., Hamilton, Ontario. 


ee) tt ttt tt tt ete tee 
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Compressed Hin Coritiole High Vacuum 


eee AND DPi HAS 10 SIZES OF VALVES TO DO IT 


Pi NOW OFFERS pneumatically oper- 
D ated valves in the smaller sizes, as 
well as the larger sizes previously available. 

This means that now, with DPi’s com- 
plete line of valves ranging in size from 
3” to 32”, you're assured of instant, 
sure-seal control, for any size high vac- 
uum system. 


In the new smaller-sized pneumatic 
valves, compressed air at 50 p.s.i. provides 
a positive seal that can be put into action 
instantly by electric controls, and will 


hold indefinitely. The small combined 
size of valve and operator means easy 
installation where space is at a premium. 
You get convenient, automatic operation 
for your high vacuum system . . . enjoy 
the advantages of both compressed air 
and remote electric control. 

These new valves are another step in 
DPi’s continuing program to make in- 
dustrial applications of high vacuum as 
convenient and automatic as possible. 
As specialists in the design and building 


high vacuum research 
and engineering 


of high vacuum installations—whether it 
be a special valve or a complete system 
— DPi invites your inquiries. Write to 
Distillation Products Industries, 
Vacuum Equipment Department,765 
Ridge Road West, Rochester 3, N. Y. 
(Division of Eastman Kodak Company) 





De 7 











Also... vitamins A and E... distilled monoglycerides ... more than 3400 Eastman Organic Chemicals for science and industry. 
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PRESENTING ... THE NEWEST IN 
PROCESS TEMPERATURE CONTROL 








With the introduction of this completely new line of 
Pyrometer Equipment, General Electric offers you 
accurate indication and temperature control of fur- 
naces, ovens, kilns, and other industrial-heating 
equipment. 


ACCURATE INDICATION. Calibrated accuracy is 
within 34 of 1 per cent of full scale. Automatic cold- 
junction compensation assures that changes in ambient 
temperature will not appreciably affect accuracy. 


CLOSE TEMPERATURE CONTROL. Any change in tem- 
perature equivalent to 1/10 of 1 per cent of full scale 
Starts immediate control action. Normal changes in 
humidity, ambient temperature, and voltage have little 
or no effect on the exactness of control action. 


DEPENDABLE OPERATION. Substantial industrial 
components and strong construction throughout 
make G-E pyrometers exceptionally rugged. A 31!4- 
pound alnico magnet provides high flux density and 
allows large air gaps; lightweight moving system 
has high resistance to shock and vibration. 

For more details, get in touch with your nearest 
General Electric representative, or write for Bulletin 
GEA-5534, “G-E Pyrometer Equipment.” Apparatus 
Dept., General Electric Company, Schenectady, N. Y. 





PYROMETER 
EQUIPMENT 


$ pase 
nee 
@ 
eoneee 





General Electric’s pyrometer line consists of flush- or sur- 
face-mounted indicators, controllers and protectors. Shown 
above is Type HP-3 two-position indicating controller. 
A three-position controller is also available. 


GENERAL ELECTRIC 


602-198 
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FOR USE IN 
SUCH FIELDS As 
AVIATION 
ASTRONOMY 
BALLISTICS 


HIGH-SPEED PHOTOGRAPHY 
VISCOSITY MEASUREMENT 
ACCURACY: 1 PART IN 100,000 (OR BETTER) .001% pn Re 
RADIATION COUNTING 
FLUID FLOW 
CHEMICAL REACTION 
NAVIGATION 
SCHOOL LABORATORIES 
The controlling unit of these frequency standards INDUSTRIAL RESEARCH LABS. 


ACCURATE SPEED CONTROL 
is a bi-metallic fork, temperature-compensated 
and hermetically sealed against humidity and oe 
ations in barometric pressure. When combined wi 
related equipment, accurate speed and time con- 
trols are afforded by mechanical, electrical, acous- 


tical or optical means. 





Instruments of our manufacture are used exten- 
sively by industry and government 7 
such precision work as bomb sights and fire control. 


TYPE 2001-2. BASIC UNIT 
Frequencies, 200 to 1500 cycles, 
. Dividers and Multipliers available 

be, our engi- for | high i 
r frequenc problems may ' or lower and higher frequencies. 
Whatever dws q tot Miniaturized and JAN construction, 

neers are ready to cooperate. Output, 6 volts. 

When requesting turther details, please specity the 
Type Numbers on which information is desired. 





TYPE 2005. UTILITY UNIT 
consists of Type 2001-2 and 
booster to provide 10 watts at 
110 V at 60 cyc. Input, 50-100 cyc. 





TYPE, 2121A. LAB. STANDARD 
Outputs, 60 cycle, 0-110 Volts. 
120-240 cycle impulses. 

Input, 50-400 cycles, 45 W. 


American Time Products, Ine. 
TYPE 2111. POWER UNIT 580 Fifth Avenue New York 19, N.Y. 


50 W output. 0-110 V at 60 cyc. “ OPERATING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY 


Input, 50-100 cyc., 275 W. 
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Caterpillars 





Records dynamic strains of moving engine parts 
with BRUSH Analyzer 


@ At Caterpillar Tractor Co., research engineers are 
constantly seeking to improve performance of engines 
and components. To do so requires immediate, accurate 
data of dynamic phenomena. That’s where the Brush 
Strain Analyzer comes in. 


In this test on tractor parts, strains are “picked up” 
with bonded electric strain gages. The signal is amplified 
in the Brush Universal Amplifier and recorded instan- 
taneously on the Brush Direct Writing Oscillograph. 


Other current projects in the “Caterpillar” Research 
Department are utilizing Brush Strain Analyzers for 
determining operating stresses in engine parts and 
components. Set-ups for such tests are laborious and 


wl in wuling with a 


BRUSH RECORDING ANALYZER 


STRAIN ANALYZERS © SURFACE ANALYZERS © CONTOUR ANALYZERS » UNIVERSAL ANALYZERS © UNIFORMITY ANALYZERS 


expensive, consequently only the most reliable and 
precise instruments are used. 


With use of a resistance-sensitive pick-up, the Brush 
Strain Analyzer provides a complete package unit for 
obtaining permanent records of torque, strain, vibra- 
tion, pressure and other variables. Write today for 
further information. 


THE Grark DEVELOPMENT COMPANY 
DEPT. A-2,3405 PERKINS AVENUE + CLEVELAND 14, OHIO, U.S.A. 


Canadian Representatives: 
A.C. Wickman (Canada) Limited, P.O. Box 9, Station N, Toronto 14, Ontario 


@ PIEZOELECTRIC CRYSTALS AND CERAMICS » MAGNETIC RECORDING @ 
ELECTROACOUSTICS « ULTRASONICS » INDUSTRIAL & RESEARCH INSTRUMENTS 
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ONE OF A LINE 


A tiny telephone type—the Guardian Series 695 D.C. 
Relay has distinguished itself in wartime communica- 
tions equipment. For inter-plane—intra plane—ground 
to plane—ship to shore radio—walkie talkie—field tele- 
phone equipment—the Guardian Series 695 D.C. is un- 
excelled. Contrary to conventional design, armature on 
this relay is formed outward, away from coil, permitting use of a 
longer coil without increasing overall length of the unit. Arma- 
ture hinges on a frictionless bearing which requires no lubrica- 
Vhe tion. Proper balance of copper winding and volume of iron on 
field piece result in maximum flux density without oversaturation 
of iron. Series 695 D.C. Rélay is capable of carrying up to 6 single 

G U A R D IA N pole, single throw contact combinations. = 
SERIES 695 D.C. Can be hermetically sealed as a standard 
unit in Lug Header type housing or, to 
specification, in A. N. Connector, Screw 
Terminal, or Lug Header type housings. 








thee hi 5b 


Series 30 A.C. Series 210 A.C.—215 D.C. 


WRITE OR WIRE... FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION. 


GUARDIANWELECTRIC 


1638-8 W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LEME OF RELAYS SERVING AMCRICAN INDUSTRY 


Series 220 A.C. Series 595 D.C. Series 610 A.C.—615 D.C. 
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To be sold. 


at $9.600,000 per ton! 





@ $9,600,000 a ton isn’t hay. Yet 
itis a reasonable price for 2’ O.D. 
tubing after it has been drawn 
down to a diameter less than that 
of human hair. 

We believe we can supply you 
with small tubing—normally .010" 
to .625'' O.D.—in more sizes, 
analyses, and forms (either Seam- 
less or WELDRAWN*) than any 
other manufacturer. In_ brighter 
finishes. To closer tolerances. And 
with uniformity. 

Our service, because of our 
scope, permits recommendations 
without bias ... offers know-how, 

























facilities and equipment only pos- 
sible because of superior concentra- 
tion on small tubing—technology 
in tubing. 

You also have a time advantage 
in dealing with Superior—with dis- 
tributor warehouse stocks in 55 
locations throughout U. S. and 
Canada. These distributors offer 
not only availability, but helpful 
engineering service. Should you 
stump them—we’re ready to jump 
in at any time to help. Let us send 
you our Bulletin 31. Superior Tube 
Company, 1968 Germantown Ave- 
nue, Norristown, Pennsylvania. 





Which Is The Better For 
SEAMLESS...? The finest tubes 


that can be made. In all O.D.’s from 
1%” and lower. Excellent for forming, 
vending, machining, etc. carbon, alloy, 
stainless, non-ferrous and glass 
sealing alloys. 


"Reg. U. S. Trademark — Superior Tube Company * West Coast: PACIFIC TUBE COMPANY, 5710 Smithway St., Los Angeles 22, Cal. ¢ ANgelus 2-215] 





Your Product... 
Or WELDRAWN*%*...? Welded and 


drawn from bright-annealed, cold 
rolled strip. Economical. Available in 
stainless, non-ferrous and glass sealing 
alloys, but not in as wide a range of 
sizes as seamless. 


g 





Routine tests are made to determine the 
carbon content of both raw material and 
finished tube. No effort has been spared to 
produce the highest quality small tubing. 





Bright annealing and heat treating fur- 
naces, with instrumentation for control, 
assure uniform structure. a clean smooth 
surface and precise temper tolerances. 


Final Inspection where each finished length 
of tubing is inspected for outside and 
inside finish, size and straightness. 












All analyses .010” to %"’ O.D. 
Certain analyses (.035’’ max. wall) Up to 1%" O.D. 
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Be STANDARD AC SPECIFICATIONS 
|} VA capacity 150 250 2000 5000 
oe 500 1000 3000 10000 | SING 
ee 15000 Titi tf ar 
= stea 
| [| Harmonic Distortion 3% max. 2% max. 3% max. 3% max. MODEL NO. 500-S sure, on 
ae Regulation accuracy + 0.1% against line or load uses a 
1] Input voltage 95-130 VAC; also available for 190-260 VAC practica 
ss single phase 50-60 cycles pressure 
++ Output voltage Adjustable between 110-120; 220-240 in 230 outside 
ae VAC models pressure 
«8 Load range 0 to full load “ los 
H+] P.F. range Down to 0.7 P.F. All models temperature piniaes 
as compensated Pima 
[|| NOTE: THREE PHASE AND 400 CYCLE REGULATORS ALSO AVAIL- — 
ad ABLE. ALL REGULATORS CAN BE HERMETICALLY SEALED. practica 
|_| | 
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Write for Complete Literature For regulated DC problems investigate Sorensen’s leal_ pre 
line of Voltage Reference Standards, controll 
DC Supplys, and NOBATRONS depends 
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and company, ine. |™tuco 
375 FAIRFIELD AVE. © STAMFORD, CONN. “gee 
or 
MANUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCLES; REGULATED DC POWER SOURCES; ELECTRONIC Ont.: B 
INVERTERS; VOLTAGE REFERENCE STANDARDS; CUSTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS mouth } 
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Accurate 
Mechanical 
Recording and 
Controlling 

of Absolute 
Pressure 


IN RANGES AS LOW 
AS 0 TO 6 MM! 


SCORSESE COIN SEER 





« 
Ners 
SS POOR EERE RNS LOBE CONE AEN REE ENE 


eee ee ee 
x 
x 


Again, Bristol scores a first! 


Our new Low-Range Absolute 
Pressure Recording Gauge gives a 
direct reading of pressure above 
zero absolute, inherently corrected 
for barometric variations, with far 
greater accuracy than ever before 
possible—measuring ranges as low 
as 0 to 6 mm mercury absolute. 








Bristol Series 500 Gauge offered for 
Recording and Automatically 
Controlling Absolute Pressure 
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BRONZE CASTING EVACUATED SPRING 
+ mh Zz BRONZE BELLOWS 
SINGLE BELLOWS—NO COMPENSATION NEEDED ' 
Instead of two pressure elements—one for measured pres- 
sure, one to compensate for barometric pressure—Bristol Pee (EVER ARMA 
uses a single calibrated bellows element, evacuated to ae aly 
practically a perfect vacuum, enclosed in a cast bronze aii” ee oe 
pressure-tight housing. The bellows motion is transmitted Sieidaenen ~~ 
outside the housing through an entirely new device—a BRASS BELLOWS SEAL——“” VV 
pressure-sealed lever arm that is frictionless, entirely free 
from lost motion and turning moments due to changes in ; (ACUUM) CONNECTIONS 
differential pressure across it. ; ikcaaeaitine 
Thus—with one measuring element, Bristol’s Absolute waninans eats 


Pressure Gauge operates in ranges hitherto considered im- 
practical with metallic elements. 











WHAT'S YOUR APPLICATION? 


This entirely new, highly-accurate, direct-reading mechan- 
ical pressure instrument gives valuable information for 


controlling pressure wherever the operation of equipment 
depends upon a high and constant vaccum. 
Bristol Low-Range Absolute Pressure Gauge is offered To 


for recording, pneumatic or electric controlling, and pneu- 
, | Matic or electric remote transmission. For Bulletin G620, 
in. | Write THE BRISTOL COMPANY, 113 Bristol Road, Waterbury 
91, Conn. (The Bristol Co. of Canada, Ltd., Toronto, > 
Me § Ont.; Bristol’s Instruments Co., Ltd., Lynch Lane, Wey- AUTOMATIC CONTROLLING, RECORDING 
nS TF mouth, Dorset, England.) AND TELEMETERING INSTRUMENTS 








Engineers Process Control 


for Better Products and Profits if 
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THIS IS THE REASON 


CLARE RE LAYS 











Cut-away View 
CLARE Type ''K 
ermetically Sealed Relay 





@ Pictured here are ten CLARE Sealed 
Relays from which every trace of moisture 
and gas is being removed by a high vacuum 
pump. 

After the first pumping, the enclosures are 
flushed with dry nitrogen and again pumped 
down to a few microns pressure. While under 
this extreme vacuum, enclosures and seals are 
tested for leaks by means of the mass spec- 
trometer (right). This device can detect a leak 
so small that it would take 31 years for one 
cubic centimeter of air to pass through it. 


Containers are next filled with dry nitrogen 
to a pressure of at least one atmosphere. 
When the evacuating tubes are pinched off, 


the enclosures are hermetically sealed. 


More than forty different series of CLARE 
hermetically sealed relays ...immune to 
every type of climatic or environmental con- 
ditions . . . are now available to relay users. 
Innumerable variations of coil and contact 
specifications are possible. 


If your relay requirement calls for the utmost 
in relay dependability under difficult operat- 
ing conditions, get in touch with the CLARE 
sales engineer nearest you or C. P. CLARE 
& CO., 4719 West Sunnyside Avenue, Chi- 
cago 30, Illinois. In Canada: Canadian Line 
Materials Ltd., Toronto 13. Cable address: 
CLARELAY. 


Write for 36-page Clare Bulletin No. 114 


GLARE RELA Soc 


First in the Industrial Field 












D.C. 
MILLIAMPERES 
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Puts new light on “visibility” 


—the crystal clear plastic front with clean, rounded edges floods 
the scale with unobstructed natural light: The dial sets well up into the 
trans.ucent cover, permitting full natural lighting from the top, 


sides and bottom. (No bezel or case rim interrupts light from any angle.) 





—Another advantage—the full, open dial on this 
new 3” instrument gives much longer scale length than on conventional 


three-inch meters, yet the mounting and panel space is exactly the same. 
—Your name or trademark can be shown with colorful emphasis. 


Now—with competition getting 
keener—is a good time to improve your panels. 


Take a look at Model 321 PL soon. 


FOR THE MAN WHO TAKES PRIDE IN HIS WORK 


TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON, OHIO, U.S.A, 


In Canada: Triplett Instruments of Canada, Georgetown, Ontario 
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ciSHER 
/ressue Keducing 
Gas Keguliurs 










The TYPE “99” standard 2” 
pipe size connections is avail- 
able for inlet pressures up to 
250 psi and outlet pressures 
down to 3” water column. 
Proven over and over again on 
low pressure distribution, inter- 
mediate pressure distribution, 
industrial applications and 
engine fuel systems. A true 
“Multi-Purpose” gas regulator. 


FISHER LEADS THE 
INDUSTRY IN RESEARCH 
FOR BETTER GAS 


PRESSURE CONTROL 


TYPE “99” MULTI-PURPOSE 


2 Keguliurs 


SOLVE HUNDREDS OF 


GAS CONTROL PROBLEMS 


A tremendous range of service conditions can be handled 
with these two regulators. Similar in principle of operation, 
they simplify regulator selection problems and give unpar- 
alleled performance. Because of their wide range of pressures 


and capacities, they have solved hundreds of commercial, 
industrial and pipe line distribution problems. 


ae 
prenennemmmeniin__dbdeioaitis 
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TYPE “299-61” ULTRA-SENSITIVE 


















The TYPE “299” combines the 
splendid performance of the 
Type 99 with valve body as- 
semblies up to 12” flanged con- 
nection sizes. High and low 
pressure units available with 
double ported construction in 
either conventional or compo- 
sition disc inner valves. An 
“Ultra-Sensitive” gas regulator 
for the big, tough jobs. 

















GOVERNOR CO. 
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Wnal PRICE PERFECTION! 


“PERFECTION” is the most important word in the entire English 
language to a group of men at John Chatillon & Sons. 





These researchers, engineers and planners are constantly working toward the 
improvement of measuring apparatus that already connotes perfection to 


every user. 





\ For example: These Force Measuring Devices, which are the finest available, 
are individually calibrated and guaranteed to be accurate within one gradua- 
tion mark on the gauge. This exactness is universally accepted, inasmuch as 


\ such devices simply aré not expected to be more accurate. But—to John 
\ Chatillon & Sons, it represents a challenge—and full time research is constantly 


going on, until ‘‘Perfection’’—complete and ultimate, is achieved. 


Ww “Resting on Laurels” is an invalid phrase at Chatillon. 
CHATILLON spEciAL [mR 


FORCE MEASURING DEVICES 


Only one fine Chatillon Device from Our Complete Line 


ay 
I 
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' 
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@ For adjusting Spring Tension of D.C. Motor Brush 
Holder 


@ For use with Torque Measuring Devices 


@ For Measuring Force in All Phases of Industrial & 
Laboratory Work 


JOHN CHATILLON & SONS 


will design and manufacture Scales and other Measuring Devices 





to Meet Your Particular Needs. 


P= = ILL IN AND MAIL COUPON TODAY = = = oo oy 


i John Chatillon & Sons, 85 Cliff Street, New York 7, N. Y. i 
Gentlemen: Please send me brochures and price information on | 
(] Force Measuring Devices [_] Traction Dynamometers | 

| (] Push Pull Gauges (] Laboratory Scales j 
i DORI ccocasyissapeasxct soe RUSTa Sexe rapsiaseet ene asupss ile veanencntensenee MSOIINRRN as sv cettasetecesnassoantsessssecteienecs | 
4 WFO SE 5y05cscessessnsvsssevsescrosassecsopnderecesseonaasdosseradasttacssts POSITION TONG: <.csecres senssnooysevenescsncate 


JOHN CHATILLON & SON ; So CM siren; Page| 


Manufacturers and Designers of Precision Instruments Since 1835 


February 1951—J/nstruments—Page 151 































For all your potentiometer needs 


check this complete L&N line 





When you’re looking for the right potentiometer to do 
a specific job, it will pay you to check the complete 
L&N line first. Whether you need the extreme precision 
of an N.B.S.-certified Wenner, the convenience of a 
Micromax or Speedomax recorder, or an intermediate 
instrument, you’ll find the characteristics you want in a 
soundly engineered L&N potentiometer. 

More than a score of models comprise the line. Just 
glance at the table below. There’s a potentiometer for 
practically any purpose-—measurement of low voltages, 


temperature vs. temperature-difference, calorimetry, pH 
and other emf cell work . . . self-contained portables for 
temperature and pyrometer checking . . . and the popular, 
general-purpose Type K’s. Models run from highest to 
moderate precision. They come in convenient single, 
double, even triple ranges... to suit the job at hand. 

Naturally, we can’t begin to tell you all you want 
to know in so short a table. So for complete details, let 
us send you catalog information. Simply write our nearest 
office, or 4955 Stenton Ave., Phila. 44, Pa. 





CAT. 


Li 


MIT OF ERROR}{ 








Wenner 7559 thermocouple ; other low voltages 


(N.B.S.-certified) "7558 


maintain primary standards 


MODEL NO PURPOSE better on 1 ites RANGE 
. . ol 
. than | .01% | 02% | 49 1% | ‘range 
x 0to 0.011111 v;OtoO.11111v 


0to 0.19111 v; Oto 1.9111 Vv 
































{| 7620 thermocouple voltages ; calorimetry x 0to 0.01 v 
(Single) —— - —— . — —— 
7621 thermocouple voltages ; calorimetry x Oto0.1v 
White -—— —_—_—— -——— -———}--— _ ——- -—_——— 
7622 temp; temp-difference ; x 0to 0.01 v 
(Double) - _ <j —— 
7623 temp-current ; etc. x Oto 0.1 v 
Type K-1 7551 general x 0 to 0.161 v; 0 to 1.61 v 
Type K-2 7552 general x 0 to 0.0161 v; 0 to 0.161 v; Oto 1.61 v 
Students’ 7651 general x 0 to 0.016 v; Oto 1.6 v 
Indicator *1 7655 pH, emf’s x Oto 1.110v 
*1 7659 corrosion testing x triple; 0 to 4.1 v total 
Millivoit * | 8667 pyrometer check (lab.); temp. x Oto 111 mv 
indicator * | 8656 B,D,X] pyrometer check (plant) ; temp. x 0 to 16 mv; 0 to 70 mv; or as spec. 
* | 8657 pyrometer check (plant) ; temp. x Oto 16 mv & 16 to 64 mv; or as spec. 
a" = a fs P iba é anil 
* | 8662 pyrom. check (lab. & plant); temp. x 0 to 16.1 mv; 0 to 80.5 mv 
* 1 8658 pyrom. check (lab. & plant); temp. x single; direct-reading temp. 
Temperature * 1 8659 pyrom. check (lab. & plant); temp. x double; direct-reading temp. 
indicator * | 8663-CD body temps. x 25 to 125F;—3.9 to +51.7C 
* | 8663-X temp. check (lab. or plant) x single or double, as spec. 
Panel Indicator * | 8671-76 temp. meas. x single or double, as spec. 





pH Indicator * | 7663-Ai pH; emf cell potentials 


x 0 to 13 pH; 0to1.100v 











Brooks _ | 7630 — ammeter, voltmeter, watimeter test. eee: eee | x | = {Cte 153 my | used with volt boxes 
(Deflection) 7640 lamp efficiency test. x Oto 1.53 v | and shunts 
i * 
| Mtoromax i automatic indicating, recording, ae ae eee ee CE a | la sats i a tee 
Speedomax * controlling: voltage, temp., pH, etc. x as spec. 



































*Self-contained: battery, standard cell, and galvanometer inside case. 


[ 


Jrl, Ad EN(12) 
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tUnder normal operating conditions, except when using lowest part of ranges. 


MEASURING INSTRUMENTS - TELEMETERS + AUTOMATIC CONTROLS + HEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 
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EDITORIAL 


By M. F. BEHAR 








“What Is in a Name2” 


HEN Voltaire wrote “I wholly 

disagree with what you say but 
I will defend to the death your right to 
say it,” he was writing to Servetus, not 
to a fuzzy-minded novice. Dr. Klop- 
steg’s career—which began forty years 
ago with teaching physics at Minne- 
sota—has benefited several pure sci- 
ences and industrial technologies. 


* * * 


One thing Dr. Klopsteg’s letter omits 
to mention is the factual record of 
how the word instrumentation came to 
acquire a non-musical meaning, how 
“instrumentation” (small i) came to 
mean an orderly group of things and 
how “Instrumentation” (capital I) 
came to denote a science—a new pro- 
gressive human activity composed of 
several ingredients of which Instru- 
mentology is only one. Perhaps he 
neither knows nor cares. Others know 
and care, because these facts are perti- 
nent. Fact Number One—overshadow- 
ing all others and determining whether 
opinions are valid or groundless—is 
that in 1924 there was undertaken the 
formulation of a new body of organized 
knowledge composed of old and new in- 
gredients (i.e. a science) —not, at first, 
AS a new science but modestly as a new 
branch of science and technology—the 
branch pertaining to instruments. It 
was a humble project; the founder was 
not a well-known scientist but a little- 
known engineer. About two dozen 
names were discussed by correspond- 
ence and at conferences. The one that 
stuck was the first one that had been 
proposed, namely Instrumentation, al- 
though it met fierce opposition for about 
seven years on the ground that it had 
belonged to music for a century or more. 
As the formulation progressed, it be- 
came evident that a new science was 
emerging—not only new interrelations 
and correlations of existing mental 
constructs which had not previously 
been codified, not only new general- 
izations, but new concepts, new prin- 
ciples, even new “laws” in a non-Physics 
sense. 

Fact No. 2 is that all but one of the 
scientific and technical societies, schools, 
etc., that were approached ridiculed the 
project—in some cases fought it—until 
a year after the foundation in 1928 
of The Instruments Publishing Com- 
pany. 

Fact No. 3 is that this private enter- 
prise came to the rescue: the Instru- 
ments Publishing Company was _ the 
only organization that had the vision 
to offer to serialize the writings of a 
little-known engineer, knowing full well 
that bigwigs of science had brushed 
aside his formulation as a needless new 
specialty in a world too full of nar- 


rowly-specialized sciences and technolo- 
gies. 

Fact No. 4 is that these serials ran 
in Instruments for six years (1930-35), 
and totaled half a million words; that 
the first three “Parts” were issued in 
book form by The Instruments Pub- 
lishing Company; and that the title 
included the word Instrumentation. 

Fact No. 5 is difficult to report with- 
out excessive enthusiasm. It is that 
under the name of Instrumentation, a 
diversified and unified new body of 
knowledge, written by a number of con- 


tributors, has revolutionized not only 
most industries but several scientific 
fields. Without Instrumentation and its 
tangible product (namely instrumenta- 
tion) there would be no synthetic rub- 
ber, no atomic energy, no modernized 
aviation, no automatization of drudg- 

eries in computation, inspection, etc. 
Fact No. 6 is that—as stated in print 
ten years ago—the science of Instru- 
mentation is “like a fast-growing tree 
whose roots and branches are fast mul- 
tiplying. It is like the banyan tree 
which sends, from some of its branches, 
downward shoots which take root and 
develop into accessory trunks so that 
the tree becomes a grove ... in the 
last few years twenty or thirty [other 
individuals contributing] accessory 
trunks—each the main trunk now!” 
These last five words are not an opin- 
ion but a fact—the fact that the work 
Continued on page 197 


Instrumentology and Instrumentation 
By PAUL E. KLOPSTEG, Director of Research, Northwestern University 


HYSICAL measurement in all the 

experimental sciences and engi- 
neering, and the instruments and con- 
trols derived from the variation of 
some physical quantity with changes 
occurring in the object of investigation, 
have been becoming increasingly im- 
portant during the past several decades. 
It has been implicitly and explicitly 
recognized through the years that prog- 
ress in science and engineering is pro- 
foundly dependent upon them. A theory 
or an hypothesis becomes a valid and 
acceptable addition to science to the 
extent to which it survives experiment, 
and experiment is largely measurement. 
Broadly, we are here considering the 
whole field of instruments and appara- 
tus that constitutes so major a part 
of the scientist’s and engineer’s work- 
ing equipment. 

It is perhaps an elementary but im- 
portant observation that there are two 
large and important categories of in- 
struments and _ controls—those that 
evolve or are used in research and de- 
velopment; and those employed largely 
in the routines of industry, in testing 
and control laboratories and in the 
manual and automatic control of plant 
processes. 

In the research laboratories of uni- 
versities and the development labo- 
ratories of industry, as well as in many 
government laboratories, a large part 
of the research worker’s time and 
effort is applied to the instrumental 
means and techniques to be employed. 
Numerous new devices and methods 
have had their inception in such work. 
In an earlier discussion, I proposed 
the designation* “instrumentology” for 
this kind of development, to differenti- 
ate it from another aspect—the engi- 
neering one—which through the years 
has become known as “instrumenta- 
tion.” Between the two there is obvi- 
ously a marked difference. 

The difference is well typified by the 


“Science 101: 1, 1945 





difference between the papers published 
in such journals as Review of Scientific 
Instruments and Journal of Scientifie 
Instruments on the one hand, and In- 
struments and Instrument Practice on 
the other. The term “instrumentation” 
rather clearly denotes the engineering 
and technical aspects of applying well- 
developed, commercially obtainable in- 
struments and controls to plant 
operations, and of improving the con- 
structions and functions of such 
devices. It is used also to denote col- 
lectively the instrumental equipment 
designed for or employed in any project 
using such means. Instrumentation 
follows instrumentology—sometimes by 
a great span of time—on the long road 
from the laboratory, through develop- 
ment and production engineering to the 
plant. Unfortunately, “instrumenta- 
tion” is being used to denote both the 
aforementioned categories. 

Notwithstanding the remark made 
by a past president of the Instrument 
Society of America, to the effect that 
although it is unfortunate that the 
wrong term has been applied to the 
science, it is now too late to rectify 
the error, I must express the view 
with some emphasis that if an error 
is recognized it should be corrected, 
however tardily. 

It is clearly erroneous to refer to 
the science of instruments, particularly 
in the laboratory stage, and in its ap- 
plication to basic research in the labo- 
ratory as “instrumentation.” Unless 
there is a more fully appropriate desig- 
nation—and I am aware of none—I 
suggest “instrumentology” as desirably 
descriptive, and as properly differenti- 
ating its field from that of instrumen- 
tation. 

Because continuation of “instrumen- 
tation” to cover both the categories 
mentioned propagates ambiguity, it 
seems most desirable that the terms 
“instrumentology” and “instrumenta- 
tion” be employed within their proper 
connotations. 





February 1951—Instruments—Page 153 


















Recording Motion of a Watch Balance Wheel 
by Watch-case Reaction 


By EDWARD C. LLOYD, 


ARIOUS instruments are 
available commercially for tim- 
ing watches by recording the 


beats of the balance wheel. These in- 
struments are usually of a type that 
employ a microphone and amplifier ar- 
ranged to pick up and amplify the 
sound of the escapement, the amplified 
signal being utilized to actuate a device 
that prints a dot on a moving paper 





Marine Engineer, Bureau of Ships, Navy Dep’t, Washington, D. C.* 


that for best timekeeping qualities the 
balance wheel motion must approach 
simple angular harmonic motion as 


closely as possible, since this is the only 
type of oscillatory motion whose period 
is independent of the amplitude and in 
which a properly applied impulse will 
not affect the period.! 

The instrument here described pro- 
vides a record of balance-wheel motion 


Fig. 1. Equipment for obtaining curves of balance-wheel displacement vs. time on oscilloscope. 


tape for each beat of the balance wheel. 
A record is thus obtained showing the 
time intervals between successive beats. 
Such records have been found useful in 
locating sources of treuble in watches 
to be repaired, and in determining 
whether a watch is in proper adjust- 
ment, particularly with respect to po- 
sitional errors in rate. 

Additional useful information might 
be obtained, however, by means of an 
instrument that provides a record of 
the actual motion of the balance wheel 
throughout its travel; i.e., a curve of 
balance wheel angular displacement, 
velocity, or acceleration, as a function 
of time. Such curves would not only 
permit a determination of the watch 
rate but would show variations in amp- 
litude of the balance wheel oscillations 
and, in principle at least, would show 
the location and nature of the impulses 
received from the escapement. A deter- 
mination of deviations of the displace- 
ment, velocity, or acceleration curves 
from a true sine curve might be of 
value in studying the characteristics of 
watches having different types of es- 
capements, different types of  hair- 
springs, etc., and in determining the 
condition of watches. It may be noted 


*This article is not related to the author's work 
for the Navy Department 
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by recording the motion of the watch 
case of a watch suspended so as to 
move freely about an axis parallel to 
the axis of rotation of the balance 
wheel. Except for a small effect due to 
the intermittent motion of the escape, 


ment, the case of a watch so suspended 
would evidently move in precisely the 
same manner as the balance wheel, but 
in opposite phase, and with an ampli- 
tude approximately equal to that of the 
balance wheel multiplied by \, the ratio 
of the moment of inertia of the balance 
wheel to the moment of inertia of the 
entire watch and its suspension. 

For watches for which } has a value 
of the order of 10+ it would be expected 
that the amplitude of oscillation of a 
suspended watch would be of the order 
of 0.01 degree. To verify that a usable 
signal could be obtained by this method 
an optical system was devised for re- 
cording the watch case motion. A watch 
was placed in a horizontal position on 


a pan suspended by a single fine wire, 


and a record of the motion of the watch 
and pan obtained by means of a light 
beam reflected onto a moving photo- 
graphic film from a mirror attached to 
the pan. Records so obtained for two 
wrist watches indicated a motion having 
a double amplitude of 0.02 and 0.03 
deg., and for a large pocket watch of 
0.12 deg. The pan and supporting wire 
used were held in the watch holder 
shown in Fig. 1, the wire being inside 
the vertical pipe and secured to an ad- 
justable fitting at the top. The mirror 
occupied a position inside the lower en- 
larged section of pipe opposite the rec- 
tangular opening shown. Although this 
equipment gave a fair indication of the 
amplitude of motion, it was found to be 
not sufficiently sensitive to provide a 
record of the motion through the entire 
cycle, of the accuracy desired. Difficulty 
was encountered in initial adjustment 
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Fig. 2. Wiring diagram for equipment of Fig. 1. 
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Fig. 3 Photographs of oscilloscope screen for three watches, taken with % second exposures. 
Each photograph shows one complete balance wheel cycle. Ripple along curves is due to 60 cycle 
component. 


of the position of the pan and mirror, 
and in damping oscillations of the sus- 
pension system at its natural frequency. 

The watch holder was modified to 
provide an electrical signal derived 
from the watch motion that could be 
amplified and displayed on an oscil- 
loscope screen. This was accomplished 
by the use of an air-core transformer 
having a movable secondary winding 
attached to and moving with the watch 
pan. The primary winding, shown in 


place in Fig. 1, was placed on a hori- 
zontal brass tube; and openings in the 
coil and tube permitted the pan suspen- 
sion system to pass through the coil at 
its center. The secondary winding, con- 
sisting of a small ring-shaped coil, was 
made a part of the suspension system 


within the primary winding and was 
oriented in a vertical plane. In use, 
the watch pan is initially adjusted so 
that the plane of the secondary coil is 
parallel to the axis of the primary coil, 
thus giving a minimum output signal. 
The principal secondary output voltage 
is thus proportional to the angle be- 
tween the axis of the primary winding 
and the plane of the secondary winding, 
and hence proportional to the angular 
displacement of the watch. 

The complete equipment is shown in 
Fig. 1; and Fig. 2 shows wiring con- 
nections. A tuning fork oscillator sup- 
plies current at 30 volts, 440 eps., to 
the primary winding of the air-core 
transformer. The 440-cps. output from 
the transformer secondary, proportion- 


al in voltage to the angular displace- 
ment of the watch, is amplified by a 
factor of about 5000 and fed to the 
vertical input of the oscilloscope. A 
2.5-cps. saw-tooth wave generator, 
timed by a 150-rpm. synchronous clock 
motor connected to the 60-cps. power 
line, supplies the horizontal sweep fre- 
quency. Provision is made in the sweep 
frequency generator for adjusting the 
phase angle of the output with respect 
to the phase of the watch balance wheel, 
and for adjusting the ratio of output 
voltage to battery input voltage. A 2.5- 
cps. sweep frequency was chosen since 
the majority of watches are designed 
for 18,000 beats per hour, or 2.5 eps., 
of the balance wheel. 

Records made with this equipment for 
three watches are shown in Fig. 3. The 
horizontal sweep of the oscilloscope was 
not linear, due to the characteristic of 
the oscilloscope horizontal amplifier at 
the low sweep frequency of 2.5 cps. The 
resulting distortion of the curves is ap- 
parent, particularly near the end of 
the sweep. Commercially available os- 
cilloscopes designed for use with a 
sweep frequency of 2.5 cps. or lower 
would, of course, provide a linear trace. 
A low-amplitude 60-cps. voltage is su- 
perimposed on the signal and provides 
markers along the trace that permit the 
curves to be plotted to a linear scale. 
Such a plot is shown in Fig. 4 for each 
of the pairs of curves of Fig. 3, to- 
gether with a true sine curve for com- 
parison. Owing to the curves on the 
oscilloscope screen being unduly 
crowded together over the last part of 
the trace, only the first half-cycle of 
each trace was used in plotting the 
curves of Fig. 4. Analysis of the curves 
of Fig. 4 shows a second harmonic con- 
tent, at least some of which is attribu- 
table to non-linearity of the voltage 
amplifier used. Use of a push-pull type 
amplifier would eliminate this source 
of error in the curves. 

In order that motion of the suspended 
watch exactly follow the motion of the 
balance wheel, it is evidently necessary 
that the suspension system have zero 
natural frequency of oscillation as a 
torsional pendulum, i.e., that the sup- 
porting wire be entirely inelastic in 
torsion. The use of an inelastic sup- 
port is inconvenient since the movable 
coil then has no natural zero position; 
in practice a suspension system having 
a natural frequency remote from the 
balance-wheel frequency will permit the 
watch motion to follow the balance- 

Contined on page 205 
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Fig. 4. Solid lines are curves of Fig. 3 plotted to a linear time base. Dashed lines are true sine curves having the same amplitude and frequency. 
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Construction and Calibration of a 


Laboratory Engine Pressure Indicator” 


By GREGORY 


HE indicator described below is 
based on the design of Taylor and 
Draper,’ modified to simplify its 
construction. It was thus possible to 
construct an accurate pressure indica- 
tor at low cost and without a great deal 
of skilled labor. A few simple calibra- 
tion tests were sufficient to define the 
range of maximum errors. It was found 
that the instrument was accurate to 
within plus or minus 1 psi. or 1 percent, 
whichever is larger. This appears ade- 
quate for many indicator applications. 
This indicator is of the balanced 
diaphragm type, and was chosen be- 
cause of its inherent accuracy and 
simplicity. Since it does not depend 
upon the elastic deformation of some 
member for its pressure indication, it 
is not influenced by the temperature de- 
pendence of the modulus of elasticity. 
Creep or other causes of permanent set 
are also of no consequence. The record- 
ing equipment required for such an 
instrument consists simply of a Farn- 
boro type drum. Thus oscilloscopes or 
complex optical recording devices are 
eliminated, and instrument costs are 
kept at a minimum. For a detailed 
comparative analysis of various types 
cf high speed engine indicators refer- 
ence is made to the bibliography. 

The construction of the diaphragm 
holder is shown in Fig. 1 which is large- 
ly self-explanatory. “Teflon” polytetra- 
fluoroethylene was found satisfactory 
for electrical insulation since it was 
not affected by the high temperatures 
encountered. No difficulties were ex- 
perienced in machining small washers 
from this material. The spring contact 
to the center electrode is required to 
take up thermal expansion in the holder. 
The two grids which limit the motion 
of the diaphragm are pierced by twenty 
holes, distributed in a random pattern 
and interconnected by concentric 
grooves. Maximum motion of the dia- 
phragm is limited to about 0.005 in. 

The diaphragm itself is of utmost 
importance for proper operation of the 
indicator. It was at first considered 
that corrosion resistance was an im- 
portant aspect of the diaphragm. Ni- 
chrome V was therefore chosen, and 
diaphragms cut out of 0.003-in. ribbon, 
such as is used for electrical resistance 
elements in heater coils. This material 
was too soft, however, and was badly 
dimpled, in a pattern corresponding to 
the grid holes, after a short operating 
time.1 Feeler gage stock was then sub- 
stituted for the Nichrome V. This can 


*Based on Chapter V of a dissertation sub 
mitted by the author in partial fulfillment of the 
requirements for the degree of Doctor of Phil- 
osophy in Mechanical Engineering at Columbia 
University. 


**At present with E. I. Du Pont de Nemours 
& Co., Wilmington, Del 
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be obtained in thickness down to 0.0015 
in. and diaphragms may be cut from it 
with scissors. This material proved 
highly satisfactory; no dimpling oc- 
curred even in a 0.0015-in. diaphragm. 
During long runs at high loads, these 
thin diaphragms were blued due to 


mm. | 


| 












































+ 
4 
Ne) 














< 
R 














tT a as 














. Diaphragm Holder. 


Sscbasbasshaseuidtnisssacemnbouneiaaietaae taal Center Electrode 
...Pressure Supply Line 
dsicsbeib siuespeeueeeeeaaae Tefion Washers 










Bu Stainless Steel Body 
7 sbestos Gasket 
8 Spacer Ring 
9 Wire Spring 
10 .. .Contact Nat 
IE. .ssennresscveneeteuinnstiinishtaeaanisionsteisaddeseachipiaddadaeesasadianaaaae Contact 


___ er Neer ene eee Soapstone Washer 
LE eT Diaphragm Support Plates 
Ee nie ee. Diaphragm 


overheating; 0.003-in. stock was there- 
fore used for the majority of tests. Cor- 
rosion did not seem to be appreciable 
even when operating with rather lean 
mixtures. 


The electronic relay circuit which 
provides the recording spark is shown 
in Fig. 2. It comprises two circuits: 
one operates whenever the diaphragm 
makes contact; the other when it breaks 
contact. The desired circuit is chosen 
by the triple-pole double-throw switch 
S. In this manner the rising pressure 
curve is plotted independently of the 


LASERSON, Columbia University, New York City.** 


falling pressure curve, so that 


only 
one point is plotted during each cycle, 
This prevents missing of the recorder 
spark near the peak of the pressure 
curve where points of the same pres- 
sure occur within a few degrees of 


crank angle. The thyratron relay has 
the function of reducing the current 
required to flow through the diaphragm. 
Since the latter only controls the grid, 
arcing and consequent pitting or weld- 
ing are eliminated. The plate current 
of the thyratron then flows through the 
primary of an induction coil (Ford 
Model T) the secondary of which pro- 
vides the recording spark voltage. For 
the details of operation of the circuit 
the reader is referred to Taylor and 
Draper.” 

The recording drum is a 2-inch di- 
ameter hollow aluminum cylinder 
geared to the crankshaft and running 
at half its speed. The drum is elec- 
trically grounded. A sharp pointer may 
be traversed parallel to the axis of 
the drum by means of a feed screw. 
This pointer is connected to the high- 
voltage side of the spark coil. A man- 
ual feed was provided for the pointer 
rather than a direct pressure-actuated 
feed. This increases the time required 
to plot a complete indicator card and 
permits plotting of discrete pressures 
only. However, the instrument is thus 
simplified considerably and, further- 
more, the pressure scale may be changed 
arbitrarily, thus increasing the flex- 
ibility of operation. 

The circumferential position at which 
the spark from the pointer hits the 
drum indicates the crank angle at which 
the diaphragm makes or breaks con- 
tact. The cylinder pressure then equals 
the balancing pressure. To record this 
a paper is wrapped around the drum 
and punctured by the spark. The choice 
of paper seems to be rather important. 
Many spark recorders suffer from 
“spark spraying”; the spark does not 
take the shortest path from the pointer 
to the drum. This is ascribed to the 
fact that the recorder paper may b° 
the controlling resistance in the path 
and that this resistance may vary over 
the surface of the paper. If the paper 
is electrically conducting, the air gap 
is the controlling resistance and the 
spark does take the shortest path thus 
eliminating the “spraying” effect. The 
paper used to separate photographic 
plates in packages was found to be 
highly satisfactory. The high carbon 
content of the black pigment apparently 
makes it sufficiently conducting. With 
very strong sparks tiny holes are 
punched through the paper. If the 
sparks are weaker, only surface burn 
marks are produced which are, however, 











sufficie 


card. § 


is 


4 


not | 


ancing 
not be 
rectly. 

burn n 


cr 


ete p 


ancing 
on the 
desired 


Befo: 


instrun 
sources 
and th 
error a 


th 


pr 


ree t) 
(i) 4 


essur 


the time 
contact. 


PSIG. 


PRESSURE, 


(2) | 


180 .-— 


160};-— 





a | 


7 


+ - 


only 
cycle, 
order 
ssure 
pres- 
es of 
y has 
rrent 
ragm, 
grid, 
weld- 
rrent 
h the 
Ford 
pro- 
For 
ircuit 
> and 


h di- 
nder 
aning 
elec- 
may 
is of 
crew. 
high- 
man- 
inter 
uated 
uired 
and 
sures 
thus 
ther- 
inged 
flex- 


vhich 
; the 
vhich 
con- 
quals 
this 
drum 
hoice 
tant. 
from 
; not 
inter 
» the 
y be 
path 
over 
aper 
gap 
the 
thus 
The 
phic 
O be 
rbon 
ontly 
With 
are 
the 
burn 
ever, 





























S 
| 
| 
R, 2500 LZ, «1S 
R2 12500 Lp 0.28 
R3,R, 100000 2 C, 4 RECORDER 
R4 17500 C2 0.2 DIAPHRAGM 
Rs 20 C3 0.005 
2 Re 10000 lL Spark coil oOo, 
Ewe Rg,Rg 5000 S Switch al al 


Fig. 2. Spark Recorder Relay Circuit. 


sufficient to obtain a good indicator 
card. Since the position of the pointer 
is not directly dependent upon the bal- 
ancing pressure, the paper record can- 
not be used as an indicator card di- 
rectly. The positions of the holes or 
burn marks corresponding to the dis- 
crete pressure steps at which the bal- 
ancing pressure had been set are located 
on the record and are replotted to the 
desired scale. 

Before reliance can be placed in an 
instrument of this type, the various 
sources of error must be determined 
and their contributions to the total 
error ascertained. There are basically 
three types of error present: 

(1) Difference between the cylinder 
pressure and the balancing pressure at 
the time the diaphragm makes or breaks 
contact. 

(2) Difference between the balancing 


pressure and the pressure indicated 
by the pressure gages. 

(3) Time lag of the instrument. 

The cylinder pressure and the bal- 
ancing pressure necessarily differ by 
the pressure required to bend the dia- 
phragm and press it against the con- 
tact point, or away from it. This is 
minimized by using the thinnest pos- 
sible diaphragm. This pressure differ- 
ential was measured by admitting high- 
pressure nitrogen to both sides of the 
diaphragm. By means of bleeder valves 
the pressure on either side was then re- 
duced until a spark was caused by the 
motion of the diaphragm. A differentia! 
manometer was used to measure the re- 
quired pressure difference. In this man- 
ner the pressure difference was deter- 
mined for a range of absolute pressures 
from 0 to 250 psig. It was found that 
about 1.2 psi. was required to deflect 

a 0.003-in. diaphragm. 
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Fig. 3. Engine Indicator Installation. 


A difference between the balancing 
pressure and the pressure indicated by 
the gages is caused by either a pressure 
drop in the lines connecting the dia- 
phragm to the gages, or by errors in 
the gages themselves. Since flow rates 
in the balancing pressure lines can be 
kept negligibly small, no appreciable 
pressure drop is caused. Careful check- 
ing of the Bourdon gages used, by 
means of a dead-weight tester, will 
eliminate any errors due to this source. 
The gages employed in the present ex- 
periments showed no deviations from 
their dial calibrations. 

Time lag of the instrument may be 
caused by the time required to fill the 











































































































Since this pressure was cavity between the supporting grid and 
constant within plus or the diaphragm, by the inertia of the 
minus 0.2 psi., a correction diaphragm, and by the time constant 
160 may be made in the indi- of the relay circuit. The effect of these 
e TEST NO} cator measurements result- three factors was determined as fol- 
« Se = ing in a probable error of lows. An indicator card was taken 
e 0.2 psi. due to this cause. Continued on page 208 
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INTRODUCTION 


HIS paper does not attempt to describe in detail the 
process of ammonia manufacture, but rather to bring 
out some of the applications of process control instru- 
ments in the plant. Essentially, the process consists of pass- 
ing three parts of hydrogen and one part of nitrogen over 
an iron catalyst at high pressure and moderately high tem- 
perature. The ammonia formed is condensed and the un- 
reacted gas recirculated. 

The synthetic ammonia capacity of the United States is 
about 5,000 tons per day. The nitrogen for this production 
is drawn from the air while 55 percent of the hydrogen 
is made by the water gas process using coke, 40 percent is 
made from natural gas and only 5 percent is by-product 
hydrogen from electrolytic cells. The Dow Chemical Co. 
uses electrolytic hydrogen in its plant at Freeport, Texas. 
However, a brief description of the process for manufactur- 
ing hydrogen from natural gas may be in order because it 
is such a plentiful raw material in this area. 


HYDROGEN PROCESSED FROM NATURAL GAS 


To make one ton of ammonia, about 22,000 cubic feet 
of natural gas are required, excluding that needed for 
power generation. The natural gas and steam are passed 
over a nickel catalyst at 725C., then air is added for nitro- 
gen, the oxygen being burned by part of the hydrogen. 
More steam is added and the mixture passed over an iron 
oxide catalyst to convert the CO to CO, while making more 
hydrogen. This mixture of gases is scrubbed with water at 
225 psi. to remove most of the CO.,, compressed to 1800 
psi. and scrubbed with ammoniacal copper ammonium 
formate solution to remove CO and O, and finally with 
dilute caustic to catch final traces of CO,. The resulting 
gas contains only 10 to 20 ppm. impurities, mostly as CO. 


HYDROGEN COLLECTION AND STORAGE (Fig. 1) 


The hydrogen from the electrolytic cells is collected in a 
header system and the pressure raised by blowers, scrubbed, 
and delivered to the gas holder. The instrumentation of this 
phase of the operation consists mainly of safety devices. 
Since any mixture of hydrogen and air between the limits of 
40 to 74 percent hydrogen is an explosive mixture, extreme 
caution must be observed to prevent air from entering the 
hydrogen lines. The blower suction is maintained at a 
slight positive pressure by a 0 to 5 inches of water differen- 
tial type meter used as a pressure controller operating a 
by-pass valve between the discharge and the suction head- 
ers. A gas analyzer records the hydrogen content of the 
discharge gas. 

Alarms are arranged to shut down this system com- 


*Presented at fifth symposium on “Instrumentation for the Process 
Industries,’ Texas A&M College, College Station, Texas, Oct. 11-13, 1950. 
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Fig. 1. Hydrogen Collection 
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Instrumentation of an Ammonia Plant 


By PORTER HART and R. C. KING, Texas Division, The Dow Chemical Co. 


pletely and vent the hydrogen to atmosphere in case the 
suction header pressure goes too high or too low for safe 
operation, or the hydrogen analysis drops to 98 percent. An 
interlock with the blower motor will actuate the vent in case 
the motor stops. 

When the hydrogen is received at the gas holder in the 
Ammonia Plant, its analysis is again checked. The re- 
cording analyzer will actuate an alarm if the analysis is 
below 98 percent. The level in the gas holder is transmitted 
to the control room by a cable drum mounted on a pneu- 
matic transmitter. The gas holder pressure transmitter 
records on the same receiver as this level. An auxiliary 
mercury pressure switch will shut down the ammonia proc- 
ess completely if the gas holder pressure falls below one 
inch of water. 


PREPARATION OF PROCESS GAS (Fig. 2) 


One important step in the reaction is to prepare a proc- 
ess gas with the proper hydrogen-nitrogen ratio of 3 to 1 
by volume. In this plant hydrogen is used to burn the 
oxygen from the air, and the resulting water is condensed. 

The hydrogen and air to the burner are ratio flow con- 
trolled. This ratio is continuously adjusted by a hydrogen 
analyzer controller which maintains the proper analysis of 
the gas leaving the furnace. This furnace is used as a 
waste heat boiler. 

The temperature of the furnace is recorded, using an 
Inconel-Alumel thermocouple. This recorder is equipped 
with alarm contacts which will shut down the plant com- 
pletely if the temperature varies plus or minus 20 C. from 
the set point. This instrument is a safety device to insure 
the proper operation of the cascade system controlling the 
air to hydrogen ratio. 

The pressure, temperature and dew point of the air, as 
well as the flow to the burner, are measured to provide 
data for calculating the pounds of nitrogen used, for effi- 
ciency determinations. The pressure and temperature of 
the hydrogen are also measured. 


COMPRESSORS 


The process gas is cooled and goes to five stage compres- 
sors driven by internal combustion engines where the pres- 
sure is raised frgm 2.5 psi. to 5000 psi. The suction pres- 
sure is controlled by a pneumatic pressure controller which 
operates the governor in the fuel gas line to the compressor 
engine. This pressure controller also has alarm contacts 
which sound an alarm and shut the plant down if the suc- 
tion pressure drops below two inches of water. The engine 
ignition systems are tied into the general shut down system 
to stop the engines whenever a condition exists which calls 
for a complete plant shut-down. 

Continued on page 176 








Fig. 2. Hydrogen Burner 
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HIGH-PRESSURE differential 

manometer which permits vis- 

ual observation of the liquid 
columns is described herein. This in- 
strument was constructed to facilitate 
the accurate measurement of small pres- 
sure drops in fluid meters and hydraulic 
equipment operating under high flow 
pressures. It is realized that various 
mechanical devices, such as_ bellows 
type gages or strain indicating instru- 
ments, can conveniently be adapted to 
differential head measurement. How- 
ever, the accuracy obtainable from such 
mechanical instruments is generally not 
comparable to that achieved with a 
manometer, especially when operation 
is attempted at high pressures. Fur- 
thermore, any secondary measuring 
element requires calibration against a 
primary instrument, which may pre- 
sent a difficult problem in itself. 

If visual observation of the manom- 
eter columns is to be realized the fluid 
must be contained within glass tubes. 
The recommended inner bore for glass 
manometer tubes is one-half inch, or 
greater. This requirement for the mini- 
mum bore size restricts the internal 
pressure in high-grade Pyrex glass 
tubes to values less than 400 psi. Ir- 
respective of this pressure restriction, 
satisfactory manometer operation is not 
readily attained at high pressures ow- 
ing to difficulties encountered in per- 
fecting glass-to-metal seals. A major 
obstacle in the perfection of such seals 
is the large diametrical tolerances that 
must be accepted in glass tubing. 


A High-pressure Differential Manometer 


By MARTIN B. BILES, Assistant Professor of Mechanical Engineering, 


The difficulties described above have 
been eliminated successfully in the high 
pressure manometer illustrated here- 
with. The outstanding feature of this 
instrument is the constraint of the high 
pressures by a heavy manometer case 
and tempered plate glass “windows,” 
which permit a direct view of the fluid 
columns. Such an arrangement limits 
the pressure differential across the glass 
tubes and the tube seals to a value 
equal to the differential head under 
measurement. 

All major metal components were 
manufactured from high-quality stain- 
less steel to obtain satisfactory strength 
and anticorrosion qualities. The con- 
spicuous components are the main body, 
cover assembly, two plate glass win- 
dows, two glass tubes, and the necessary 
seals and fittings. The main body of 
the instrument was constructed from a 
solid block of metal of dimensions 
24% x 7x2 inches. Two 20-in. grooves 
were milled in the wide face of this 
block to accommodate the 5¢-in. straight 
glass tubes. One groove, that of the 
low-pressure leg, is equipped with neo- 
prene “O” ring type seals at each end 
to seal the tube from the body. The 
high-pressure leg is provided with a 
similar seal only at the lower end, the 
upper end of the tube terminating un- 
sealed within the groove. At the lower 
end of the block a drilled hole, located 
below the seals, connects the two legs, 
completing the customary “U” of differ- 


ential manometer columns. A_ second 
internal passage connects the two 
re 


University of California, Berkeley, California 


grooves at a point intermediate between 
the seals. This arrangement permits 
the low-pressure gas to act on the fluid 
in the sealed leg and the high-pressure 
gas to act on the fluid in the unsealed 
leg and, therefore, on the: owtside of 
both tubes. It is apparent that this 
instrument is similar in design to the 
usual open-leg atmospheric manometer, 
with the pressure acting on the external 
surface of the tubes being equal to that 
acting on the open leg. The only pres- 
sure differential acting across the tubes, 
or the tube seals, is that corresponding 
to the differential head across the two 
manometer legs, a maximum of 20 inch- 
es of fluid (usually mercury). 

The external pressure on the tubes 
is contained by two one-inch thick tem- 
pered glass plates, 22% in. long and 
2% in. wide, to permit vision of the 
tubes. Sealing between the glass plates 
and the metal body is accomplished by 
use of large neoprene “O” ring seals. 
In order to utilize such a seal appro- 
priate grooves, to accommodate the 
“O” rings, were milled in the face of 
the body circumscribing each of the 
tube grooves. A single cover plate sup- 
ported both of the glass plates in lo- 
cation. Accurate spacers are installed 
between the adjacent faces of the cover 
plate and body to provide the neoprene 
seals with the specified amount of 
initial compression. Eighty-one heat- 
treated bolts of 3% in. diameter fasten 
the cover plate to the body. Some type 
of soft gasket material must be inserted 

Continued on page 204 
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Question avd Answer Session 
at Texas A & M's Fifth Annual Symposium o” 


“Instrumentation for the Process Industries” 


OLLOWING the presentation of papers at the technical 
F sessions of Texas A & M’s Symposium (Oct. 11-13, 
1950), a general “question” period was held on the last day 
of the meeting. Persons attending the technical sessions were 
asked to submit their questions in written form. At the 
Question and Answer Session these were presented for 
answer to the authors. The Texas papers were published in 
Instruments in November and December, 1950 and in Janu- 
ary and February of this year. 


GRAPHIC PANELS 
A. V. NOVAK, E. I. du Pont de Nemours & Company 


(Published in Jnstruments, November 1950) 


M. K. Andersen (Carbide & Carbon Chemicals Corp.) : 
Why are you so willing to give up graphic instruments and 
graphic panels? 

Novak: This question has come up in the past day or 
two in off-session meetings. Apparently I did not make my 
point clear. We are not giving up graphic instruments, we 
are just consolidating them and relocating them. By con- 
solidation we save space and put them there for reference 
if needed. Many of the people who are operating the 
graphics say that for the usual day-to-day operation, 
they are not needed, but they are there. You need your 
records for start-ups, for instrument line-ups, where our 
own instrument people are involved, and for detecting those 
things that caused upsets in the immediate past. There 
is also another reason for charts, and that is for super- 
visory review to find out what the past operating history 
has been. We are not giving these up, but merely relocating 
and consolidating them. Graphics are not void of recorders. 
In order to get records of processes will re- 
What cost difference will result to 
recorders? 


Andersen: 
corders be required? 
set the controllers and the 

Novak: It is correct in that records will be necessary. 
Graphic manufacturers state that the cost of the graphic 
panel, as such, is essentially the same as the conventional 
type of board. Therefore your saving comes from decreased 
area and decreased volume of your control room. I cannot 
give you a specific dollar sign figure on it. The reason I 
cannot is that a figure holding for the refinery industry will 
not necessarily hold for chemical or food industry. 

Andersen: On your comparison between conventional and 
graphic panels concerning space, and the initial costs, were 
recorders included in the conventional space and excluded 
in the case of the graphic panels? 

Novak: The comparison was totaled in both cases. 

Andersen: What do you mean by close-coupled loops? 
What good are they? 

Novak: The detecting element, the controller, and the 
control valve are all physically located in a very small area. 
The reason being obviously to cut down transfer lags. Mr. 
Marchment of London cuts the lags down by electrical 
transmission. Close control loops then are made up of ele- 
ments that are closely related and physically in close prox- 
imity. The second part of the question is, “What good are 
they?” The whole reason for doing it is to cut down the 
time constant of your system. This is important in 


your speed of responses, that is, getting your process to 
follow your detected error. You find the shorter your time 
constant is, the better frequency response and the smaller 
phase-angle shift you run into. 

J. E. Saxon (Carbide & Carbon Chemicals Corp.) : What 
type of materials in construction are most advisable for 
panels that the graphic panel is built upon? 


Page 160—I/nstruments—Vol. 24 


Novak: Basically we have had experience with only one 
type, the regular conventional steel panel. I understand 
that one manufacturer is going to a very light panel for 
their graphic portion of the board. The reason is ease of 
modification in case modification is necessary. There are 
people that make panels of ebonite board, a very heavy 
board. I believe that you have to match your particular 
requirement. The graphic, I believe, is flexible and can take 
almost any type of material and construction that will stand 
the physical weight that is involved. I would say the weight 
is comparable to a standard board or somewhat lighter. 

Andersen: Why not combine the console and graphic 
panel? 

Novak: That has actually been done in several cases. 
A console has been located in the center of the graphic. 
The graphic is a tool flexible enough to meet the wishes of 
most people. 

W. T. Marchment (Evershed & Vignoles Ltd.): When 
you referred to the combination of the console and graphic 
panel, did you consider the mimic diagram a part of the 
control in the way you mentioned above. 

Novak: The combination graphic and console that I 
have in mind employs the conventional graphic as part of 
the regular control system. When a console was located in 
the middle, it was used merely as a logging center and a 
place for collecting data such as one would collect off of 
a multi-point indicator. If I interpret your question cor- 
rectly, you ask if the pictures you had on the screen yester- 
day can be considered a graphic. Is that your question? 
Yes, I would say it is a combination. It approaches very 
closely a certain form of graphic that is on the market 
today. There are certain advantages of this system, but 
also some disadvantages. I would like to answer your ques- 
tion with a return question. What do you do when such a 
system needs 50, 60 or 70 controllers. As I remember, that 
system involves only 19 controllers as such. 

Marchment: This is where the inherent flexibility, with 
all due respect to mathematics enthusiasts, results in sim- 
plicity. With reference to Mr. Novak’s 70 or 80 controllers, 
presumably what we could do would be to put cubicles each 
containing 30 controllers, say 4 banks of them, making a 
total of 120 controllers in a small room. The correction from 
the controllers could be brought out to control knobs 
mounted on graphic panels or desks in the main control 
room. It is important to bear in mind that the emphasis 
in this development is not so much in the representation 
by means of a mimic diagram or picture as the ability to 
house controllers and control panels conveniently in the 
minimum of space. 

Marchment: Is it considered that there is any advantage 
in having the controllers inside the control room where 
they are under proper attention as against having them 
outside on the pump. 

Novak: The advantage of working on the controllers in 
an air-conditioned control room versus working on them 
in the field cannot be denied. It is a matter of having to 
choose which 2 situations are of greater advantage. In 4 
pneumatic system, the advantages to be gained by close- 
couple control systems must be weighed against this de- 
centralization of control units. In the cases where the 
answer comes up such that there is little to be gained, 
naturally the controller should be in the control room and 
the graphic panel allows for that. It can be so located. 
Where advantages of close-coupled systems and decreased 
time constants in the system are desirable—they are always 
desirable—but when they have a controlling effect, then it 
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is a cheap price to pay to actually locate your controller 
where it is needed. I am speaking of pneumatic systems, 
and not of electrical transmission systems. 


CONTINUOUS ANALYZERS 
Dr. B. W. THOMAS, Humble Oil and Refining Co. 


(Published in Instruments, November 1950) 

M. kK. Andersen (Carbide & Carbon Chemicals Corp.) : 
Is there an instrument available for sale for continuously 
recording H,S content down to % grain per 100 cubic feet 
in a dry hydrocarbon gas, if so what principle is employed? 

Dr. Thomas: I am not sure exactly what part per million 
that would be. I do know that there is an instrument avail- 
able, not for purchase but for rent from Consolidated Engi- 
neering Corporation which employs the principle of titra- 
tion. It will determine to as low as one part per million, 
and it will record continuously total reactive sulphur or it 
can be arranged to measure total H.S, total SO.,, or mercap- 
tan sulphur. 

Andersen: Please comment on safety features concern- 
ing continuous analyzers. 

Dr. Thomas: Instruments can be placed in hydrocarbon 
atmospheres or in explosive areas but provision must be 
made for making those instruments safe. Some instruments 
that I listed are available in explosion-proof housing. An- 
other thing that should be considered is the fact that hydro- 
carbons passed continuously to an analyzer should not be 
permitted to enter a control room in which there is con- 
siderable equipment that is not explosion-proof. Ordinarily, 
our recording type instruments are not explosion-proof, 
therefore it is certainly not advisable to permit hydro- 
carbon streams to be passed to an analyzer in a control 
room. In other words, it is best to locate the analyzer out- 
side the control room and place it in an explosion-proof case. 

Andersen: Please comment on the economics of continu- 
ous analyzers. 

Dr. Thomas: My comments concerning economics will 
not concern a particular type continuous analyzer, but in- 
stead will be directed at continuous analyzers in general. 
Some study of the credits that are accruable to uses .of 
several types of instruments has been made. There is a 
general indication that for every dollar spent for continu- 
ous analysis instruments, a return of about three dollars 
per year thereafter is realized. 

J. R. Parsons (Phillips Petroleum Company): With re- 
gard to your remark that the dielectric constant of the 
polar compound and the hydrocarbons are not added in 
linear fashion, can you calculate the dielectric constant 
of such a mixture, knowing the respective dielectric con- 
stants? 

Dr. Thomas: 
measured. 


It is not easily calculable but it can be 


Parsons: I would like to ask the effect of the water drop- 
let size and the shape of the dielectric constant of the water 
or emulsion; I am thinking of the water concentration 
from 0.1 to 1 percent. 

Dr. Thomas: I think I have the question fairly well in 
mind, concerning the use of dielectric constants in measuring 
low concentrations of water in hydrocarbons. Certainly if 
the measuring element is so small that the water droplets 
bridge across the plates of the condenser, the instrument 
would not function properly because a shorted condition 
would exist. The problem of applying dielectric-constant 
measurements for the determination of water or alcohols 
in hydrocarbons is something that has not been developed 
satisfactorily to date. The difference in dielectric constant 
between water and hydrocarbons is quite large—and be- 
cause of that you would naturally think that such a device 
as we are discussing would be good for measuring low con- 
centrations of water and hydrocarbons, but it does not 
appear to be as good as theoretical considerations would 
indicate. Before one can say very much authoritatively on 
this they will have to do a large amount of experimental 
work. 

Dr. J. F. Draffen (University of Texas): In your paper, 
you mentioned microwave spectroscopy. I would be very 


much interested in any comment you would care to make 
on the application of this method to continuous analysis. 
For example, what compounds might be detected? Could the 
method be used for both gas and liquid streams? How com- 
plex would the equipment have to be? 

Dr. Thomas: Let me say first that our knowledge of the 
application of microwave spectroscopy to even laboratory 
studies is certainly very limited to date. We do have quite 
a few laboratories throughout the country developing micro- 
wave equipment but to date it has not been applied too 
satisfactorily in the laboratory for the analysis of either 
chemical or petroleum materials. I mentioned that as a 
possible future development for continuous analyzers, but 
certainly we must study these instruments in the laboratory 
first and prove that there is a measurement that means 
something before we can think of developing continuous 
analyzers. As to the types of compounds that can be de- 
tected by microwave spectroscopy, I pointed out polar com- 
pounds primarily. These are compounds in which oxygen, 
nitrogen, or sulphur may be contained. The microwave 
absorption in hydrocarbons is relatively small. That is, 
hydrocarbons do not absorb microwave energy near to the 
extent that they absorb infrared energy. 

W. M. Sloan (E. 1. du Pont de Nemours & Co.) : Describe 
the principle of intensity technique in the measurement of 
refractive index. 

Dr. Thomas: J did not describe that particular instru- 
ment because certainly the time we had here was not suffi- 
cient for describing all possible types of instruments. I 
merely mentioned that there is a refractive index instru- 
ment based upon the reflected intensity of light between 
the medium of a material under test and the medium of a 
prism. I pointed out the advantage of reflection-type over 
transmission-type refractometers; pressures can be with- 
stood and materials that are not transparent can be meas- 
ured for refractive index. The instrument is essentially a 
compartment in which light is passed through a prism to 
the interface between the prism and the material under test 
and the intensity of the reflection is compared with a refer- 
ence intensity beam. Photoelectric tubes are employed for 
measurement of the intensities. Of course, the light in- 
tensity is easily converted into electrical energy for meas- 
urement. 

Andersen: Just wherein does it become difficult or im- 
possible to predict the application of infrared analyzers? 

Dr. Thomas: If there are three materials in a stream in 
which an analysis is desired for one of those materials, a 
non-dispersion continuous instrument is applicable to that 
analysis only if the infrared spectrum of the one component 
is not over-shadowed by the combined spectra of the other 
two components. If that difference does not exist, then the 
analysis is not possible, but one generally finds that there 
is some difference between practically any one of 3 com- 
ponent hydrocarbons in mixture. The extent to which non- 
dispersion instruments can be applied has not been explored. 
This field of analysis is a relatively new science, and it has 
been carried on very largely on a trial and error basis to 
date. 

Andersen: If the infrared absorption properties of all 
the gases involved were known, could you determine then 
that you had enough power to be picked up by some infrared 
detector? Is there a minimum amount of infrared radiation 
that you would need in order to detect that? 

Dr. Thomas: I could not say in terms of the microwatts 
of energy required for an analysis because that factor is 
not very well established in infrared technology. It is 
always possible, of course, to get an infrared spectrum of 
any gas by running it on a recording percent transmission 
infrared spectrometer. We take these patterns and study 
them for the components expected in the mixture to be 
analyzed; if the spectra are quite similar then the possibil- 
ity of applying a non-dispersion instrument is less. The 
greater the dissimilarity, the greater the possibility of this 
detection. In the past few years considerable progress to- 
ward building sensitive amplifiers for increasing this small 
difference to a measurable extent has been made, and I do 
not think that we have reached the limit by any means yet; 
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that is the instrument manufacturers have not reached 
the limit toward which they can amplify a very small sam- 
ple into a measurable quantity. 

Andersen: Can you chart the pattern of infrared ab- 
sorption properties and arrive at any conclusion from that? 
In other words, is there a scale there that you can use or 
is that a variable scale that can measure the available 
infrared absorption? 

Dr. Thomas: The question is can you look at the spectra 
of these pure compounds and tell whether or not any one 
can be measured individually in a mixture by means of a 
non-dispersion analyzer. You can get some idea as to 
whether or not your non-dispersion analyzer will apply. 
We know that towards the short wave length end of the 
infrared spectrum we have by far the most energy, so if 
the difference occurs in the long wave length region the 
chance that this instrument will apply is less than if the 
difference occurs where the high energy is present. In 
some cases very good indications of success are obvious; in 
others it becomes doubtful and the only final test is experi- 
mental data. 

Andersen: Referring to the infrared analyzer again, 
would you comment on the effects of ambient temperature, 
rate of sample flow, pressure, and so forth, other factors 
and their relative importance? 

Dr. Thomas: We know that all of these instruments de- 
pend upon a temperature change in the detecting system 
for the measurement, so if ambient temperature is changed 
that will certainly upset the measurement. That is espe- 
cially true for the bolometer or thermopile-type detectors. It 
is not as effective in the acoustic-type detectors. Pressure 
does affect the infrared absorption in non-dispersion instru- 
ments and should be controlled rather carefully. It is nec- 
essary to keep the sample flow rate practically constant. 
In other words, the pressure within the sample cell should 
remain constant. The absolute pressures that can be toler- 
ated in a non-dispersion analyzer depend upon the type gas 
cells employed. If the cell is made of rocksalt windows, 
a pressure much above one atmosphere cannot be tolerated. 
However, the Bureau of Standards has recently announced 
the production of a rocksalt-windowed cell in which the 
pressure may be as high as 30 psi. They have actually 
analyzed butane in a liquid state in cells of that type. 

R. C. King (Dow Chemical Company): Will the pres- 
ence of water in a mixture of hydrocarbons mask the dielec- 
tric variations between materials sufficiently to make the 
method unsuitable for analysis, the water content being 
below saturation? 

Dr. Thomas: That the effect of water on the dielectric 
constant is so small up to the saturation point and the dif- 
ference is so large’ between types of hydrocarbons that low 
concentrations of water, that is, below saturation, would 
not affect the measurement of one component over the other. 
If the water content gets high enough, you may have drop- 
lets large enough to bridge across your dielectric condenser. 
Then the analysis is no good. 

R. E. Hansen (Leeds & Northrup Company): Would you 
comment on the sensitivity with respect to the percentage 
of the gases contained? 

Dr. Thomas: 1 do not know the whole story on infrared 
continuous analysis work, but I do know that in most cases 
applications are made in which small components are meas- 
ured and over fairly wide ranges of small concentrations, 
sensitivity is very near linear with concentration. That is 
known to be true for some applications. One would not be 
wise in trying to measure isobutylene or ethylene in con- 
centrations as high as 95 to 100 percent. For instance, 
instead of looking for the ethylene, they would look for the 
contaminants. 


P. A. Buckley (E. 1. du Pont de Nemours & Co.): You 
mentioned a continuous mass spectrometer for process rings. 
Can you say whether it can continuously analyze the gas- 
eous hydrocarbon streams or more components? 

Dr. Thomas: The instrument to which I referred is manu- 
factured by Consolidated Engineering Corporation. It is 
called a process control mass spectrometer. To date, it is 
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equipped for recording consecutively three masses. It may 
be possible to rearrange whereby it might record consecu- 
tively four masses. These are pre-selected masses and they 
would not necessarily be adjacent in a mass spectrum, so it 
is possible to look at more than three components. Of course, 
what you do is look at the total ion current at one par- 
ticular mass, and that total ion current might not be repre- 
sentative of that one component only, because there is 
always interference. One can tell by the general increase or 
decrease of that particular ion as to whether or not the 
major contributor to that ion is increasing or decreasing. 


SPEED CONTROL 
and Synchronization of Multi-unit 
Internal Combustion Engine Plants 


H. C. GIVENS, La Gloria Corporation 
(Published in Jnstruments, December 1950) 

L. A. Larrey (Carbide & Carbon Chemicals Corp.) : What 
was the purpose of the motor valve in the suction line? 

Givens: In casing-head gasoline plants, oil operators 
producing oil wells operate their separators as near at- 
mospheric pressure as possible, especially wher they have 
a plant to w’ ich to put their casing-head or separator gas. 
The compre sor plant is usually designed for the compres- 
sors to take suction somewhere around 10 lbs. absolute. The 
pressure coming in from the field varies considerably over 
just an hour’s time. The pressure on the field line may vary 
from 2 in. vacuum to 10 lbs. pressure. Rather than take 
that variation on the suction of the compressor, the pressure 
regulator is installed, reducing the pressure to hold a con- 
stant pressure on the suction of the compressor cylinders. 

R. Webb (Carbide & Carbon Chemicals Corp.) : Why con- 
trol the suction pressure by varying the speed of the. gines 
and have the reducing regulator to hold the constai.. pres- 
sure on the suction of the engine? 

Givens: If you will refer to Fig. 1, the pressure controller 
was connected to the upstream side of the reducing regu- 
lator, and we want to control that upstream pressure as 
near as possible to atmospheric pressure. We speed the 
engines up and slow them down with the variations of this 
upstream pressure. 

Webb: I think this is poor economics. Why do you take 
that loss in the suction? Why don’t you design your com- 
pressors to take the higher suction pressure, or were you 
planning that for some future time when you have to pull 
that pressure down? 

Givens: That is part of the reason. Another reason is 
the lower you can hold your field pressure, the more money 
you make from the gasoline which you make from your 
gas. A lower separator pressure pulls a little more of the 
lighter ends out of the oil before it goes to the storage tanks 
where the lighter ends would weather off in any condition. 
We actually hope that in time we may be able to eliminate 
the reducing pressure regulator, but at the present time our 
compressor capacity is not keeping up with the field output, 
with the railroad commission increasing allowable produc- 
tion days and drilling of new wells, and the delivery of 
engines becoming longer. Some point has to be decided 
where to hold the constant pressure on the suction of the 
compressor cylinders, and they had to be purchased for the 
future rather than the present operating conditions. Com- 
pressor cylinders are quite an expensive piece of equipment, 
especially when they get up as large as 30 in. in diameter. 

W. H. Fortney (Humble Oil & Refining Co.): Can the 
loading of the engine be accomplished better by control of 
manifold pressure? 

Givens: There is no way of controlling manifold pressure 
on a two-cycle engine because they have no manifolds. 
Practically all engines, I will say 99 percent of the engines 
in casing-head, cycling, and similar work, are now 2-cycle 
engines, and they are becoming more so. The old disad- 
vantage of the 2-cycle engine being a high fuel user has 
now been overcome. With a 4-cycle engine, a fuel consump- 
tion of approximately 91% to 10 cubic feet of gas or 10,000 
Btu per horsepower hour is still the rule. Some of the 
newer 2-cycle engines, Clark, Cooper-Bessemer, and a few 
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hydraulic load on the ‘Shear- 
Seals’ further relieved by large 
ball thrust bearings. 
Self-alignment and wear compensation 
cleaning and polishing action against 
valve with use. 

Write for the new Manual Valve Catalog 1B-1, which covers 4-Way 
Selector, Shut-Off, Dual Pressure Selector, and other Barksdale valves 


for pressures ranging from 0 to 6000 psi. 
YALVEES 
e 
A r MY 


ELADR EE SEDALLE: 
CALIFORNIA 


1566 EAST SLAUSON AVENUE «+ LOS ANGELES 11 ° 





i -. 
of ‘Shear-Seals' plus their self 
the rotor actually improve the 


LEAK DETECTOR 












““FASTEST AND 
MOST DEPENDABLE 


method we know of to detect leaks,“’ 


. . » Robertshaw-Fulton Controls Co., Bridge- 
port Thermostat Division recently told us. They 
also said their General Electric leak detector— 


Saves time ‘We now find leaks in one fourth 
the time that the old method took.”’ 


Is easy to use ‘‘No more bother with the 
bulky tanks, fixtures, and other special equip- 
ment that we formerly used.”’ 

Improves product ‘‘The G-E detector is our 
good-will machine. With it, we make a better 
product that keeps our customers satisfied." 


The G-E Type H leak detector will do a fast 
and accurate job of finding leaks in any pressure 
system where a halogen tracer can be introduced. 
It saves time and money while giving you high 
sensitivity and versatility. 

Call your G-E salesman or see your author- 
ized G-E distributor soon. For free bulletin 
GEC-233B, write to Section 687-64, Apparatus 
Dept., General Electric Co., Schenectady, N.Y. 


GENERAL ($6) ELECTRIC 











Specify 


You can be sure your designs will work 
out well in production when you de- 
pend on ‘Simpson accuracy and de- 
pendability.'' For behind every Simpson 
instrument—whether panel or portable, 
custom-built or stock—is a world-wide 
reputation for quality. Let Simpson en- 


gineers heip you solve your instrument 
; problems — and for your standard in- 
“ . strument requirements take advantage 
of our large stock. 
Mail coupon below 
\ 





for your FREE 


Simpson Catalog 








~ 
H SIMPSON ELECTRIC COMPANY 
I 









5200 W. Kinzie, Chicago 44 * CO 1-1221 
Please send me Simpson Catalog No. 16 
showing complete line of Simpson Elec- 
trical Instruments and Test Equipment 


Name 
Company 
Address sian 


oe oe oe om oe ee es DO pt. Mos ce oe oe oe oe os 
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Durface 


PYROMETERS 


for every purpose 


The routine use of CAMBRIDGE Surface 
Pyrometers takes the guesswork out of tem- 
perature determination in many industries. The 
CAMBRIDGE is accurate, dependable, rugged, 
quick-acting and easy to use. The Roll Model is 
for checking surface temperatures of moving 
rolls. The Needle Model is for insertion into 
materials in a plastic or semi-plastic state for 
batch temperature determination. The Mold 


NEEDLE 


Model is for checking surface temperatures of 
mold cavities and surfaces of almost any contour. 


Send for Bulletin 194SA 


CAMBRIDGE INSTRUMENT CO.,_ INC. 
3742 Grand Central Terminal 
New York 17, N. Y. 


CAMBRIDGE 


PIONEER MANUFACTURERS OF 


PRECISION INSTRUMENTS 


Moisture Indicators and Recorders « Physical Testing Instruments 
Laboratory Instruments for A.C. and D.C. « Galvanometers « Engineering 
Instruments *« Gas Analysis Equipment « Physiological Instruments 
and many other Mechanical and Electrical Instruments 












‘, MICROFLEX 


\ RESET COUNTER 


Automatic Control for 
Machine Tools and 
industrial Processes! 


a 


i 


RESET IN LESS THAN ! sec. 











- «+» OPENS OR CLOSES A 
CONTACT AFTER A PRESET 
NUMBER OF IMPULSES 
Automatic Reset 
(Electrically Controlled) s fa 
“ + Ry 
Send for Bulletin 720 Today! ‘ aS 2) 


MULTIPLE 





fea EAGLE. SIGNAL 





CORPORATIONGY,, Whur 
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| transmitter 


of the other well known 2-cycle engine manufacturers are 
claiming as low as 6500 Btu’s per horsepower hour con- 
sumption. So as that becomes generally known and peopie 
take that into consideration, I believe that the 2-cycle en- 
gine is going to be more and more used. That is one of the 
main reasons I didn’t touch on control by manifold pressure. 
L. C. Books (Shell Oil Company): What type of a motor 
valve is used in the suction line for pressure reducing? 
Givens: That is an R-S butterfly with a Taylor top 
works and valve precisor. It is being controlled by a Moore 
transmitting the pressure to a Taylor receiver 


| recorder-controller. 





| the engine plant, 


W. T. Marchment (Evershed & Vignoles Ltd.): There is 
a drift or integrating effect of the mechanical differential 
unit in speed control against the electric control. What 
effect or accuracy is found of this? 

Givens: I personally have not used any of these differen- 
tial control systems. The man that is operating the Synchro- 
master unit told me than an engine speed-up being required, 
all engines would be in synchronized speed and phase of 
crankshaft angularity within a very few seconds. In his 
work it didn’t make much difference. 

Elmer Kleir (Foxboro Company): If the engines become 
supercharged, can you anticipate any trouble in speed con- 
trol of those engines? 

Givens: Right at the moment our place is installing our 
first supercharged gas engine. I conferred with the manu- 
facturers considerably on that and they said that the old, 
simple first type that I showed you was going to operate 
much better on supercharged engines than on the old, ordi- 
nary 2-cycle engine (unsupercharged and not high com- 
pression). I have yet to discover whether or not that is 
actually a fact. 

M. K. Andersen (Carbide & Carbon Chemicals Corp.) : 
Can you justify a phase control on engines purely from an 
economic consideration? 

Givens: Never having operated engines on phase control, 
I cannot answer that only in what I am told by people that 
have. They say it definitely reduces maintenance costs in 
due to dampening out vibrations, espe- 


| cially when there is a tendency for them to get into har- 


| expense, nor are we getting a decent measurement. 


monics. Also on a high-pressure compression plant, as an 
example, where we have eleven 800-hp. engines having 44 
compressor cylinders, compressing gas from 1,500 to 3,000 
lbs., there is a definite pulsation problem in measurement. 
You must go to quite considerable expense if you expect to 
| get a decent measurement. We have neither gone to that 
People 


| who have used this phase control say that when they run 
| compressors in an angular phase control of crankshafts, it 


definitely helps eliminate the pulsation, and in a great many 
-ases they need no other pulsation dampeners to smooth out 
the flow. 

H. L. Bowditch (Foxboro Company): Is the power of 
the engine itself used to drive the motor that controls the 
differential unit or the differential speed? 

Givens: It has been tried. However, usually in cases 
where they have this control they want to save all of the 
power of the engine that they can for emergency cases, 
especially in a case where 800-hp. engines are running at 
875 hp. most of the time. 

Andersen: Why do you not install a motor valve in a 
fuel gas line for the engine instead of having the dia- 
phragm-motor valve setting the governor? 

Givens: It is due to sudden demands of a rapid load 
change. However in gas compressor work, it is feasible, 
I have found out recently, and certain people are doing it. 
It is feasible although the engine people will tell you that it 
is not. In casing-head gasoline and cycling plants the load 
does not change very rapidly. It will take several minutes 
for the pressure to build up from zero pressure to 8 lbs. 
or go back from 8 lbs. to zero. Therefore, in cases like that 
it is entirely feasible to control direct instead of through the 
governor. 

Webb: What happens to the Synchro-master during 
start-ups or at other times when the compressors are well 
out of synchronism? 
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| eliminates those two lags. 





Gicns: There is a switch on each panel to take care 
of that, but if you bring it in on manual it approaches a 
synchronized speed then you can switch it on to automatic 
and it takes care of it. That switch is hooked in, in such a 
fashion that when the engine dies for any reason, to keep 
from wrecking the rest of the machinery, it will auto- 
matically switch over to hand operating point. 


A NEW CONCEPT 
of Automatic Control 


kt. E. CLARRIDGE, Taylor Instrument Companies 


(Published in Jnstruments, December 1950) 


kK. Wetzel, Jr. (Magnolia Petroleum Co.): Is the new 
proportional band composed of two factors—the sensitivity 
(S’) and the gain (n), the product being equal to one- 
third of the sensitivity in the former controller? 

Clarridge: On the last illustration in the sequence there 
were two proportional bands shown, one of which was nar- 
rower than the first. The one-third factor applies to the 
over-all sensitivity and gain (nS’). 


C. Riedel (Oil & Gas Journal): Was there any connec- 
tion between this development and the graphic panel story? 
Clarridge: Yes, but purely a commercial one. At least 
as far as I know, the first instrument which has incorpor- 
ated this type of control system happens to be one which 
fits in beautifully with graphic panels. As it is being intro- 
duced at the present time, it probably can be used more 
easily with graphic panel instruments than with the more 
conventional controllers. 


R. D. Webb (Carbide & Carbon Chemicals Corp.) : What 
is your feeling about the use of derivative on flow control? 

Clarridge: There is nothing that rules out the use of 
this type of control system on flow, but due to the nature 
of the previous derivative responses available in conven- 
tional controllers, it has sometimes been arbitrarily stated 
that derivative is not applicable to flow control. The new 
control circuit, coupled with a broader range of adjust- 
ment of the derivative action, enables the derivative effect 
to be used on flow controllers. In fact an actual installation 
has been made with a flow chart which opens up the time 
scale. This new control system with derivative action limits 
the deviation and brings the flow back to the control point 
more effectively than the conventional controller. Thus 
the new control system with derivative action is very satis- 
factory. 
Then why, you might say, should we use this type of con- 
trol system, since we are very well satisfied at present? 
The major reason is that the set pointers of flow controllers 
are moved more often than those of other controllers in the 
plant. It is very nice to have the flow move upward or down- 
ward on the chart and round into the control point without 
overpeaking. Pneumatic set flow controllers which respond 
to another variable often move the set point of a flow con- 
troller through a considerable distance. Again the new 
circuit produces more stable performance. Therefore, it is 
my feeling that the derivative and the new control circuit 
will have quite a wide use in flow controllers. 


R. B. Gray (American Meter Co.): Why not put the 
derivative into the transmitter, transmitting it over to the 
receiver, and thereby remove the lag in transmission before 
it gets to the receiver? 

This is satisfactory if the 


Clarridge: lag is primarily 


in the measuring element and the transmitter. Note that 
on the receiver you will obtain a corrected record which 


Actually transmitters have been 
designed with that feature, but I am not as familiar with 
them in the flow field as in the temperature and pressure 
field. One difficulty which I can see with this system is 


that if there are other lags in the circuit, these cannot be 
adequately handled by the derivative without destroying 
the value of the record. Another difficulty is that there is 
trouble enough damping out a flow meter in order to get 
a reasonably stable record, so one might question the merit 
which will cause 
It seems to me that a 


of adding derivative to a transmitter 
greater variations on the record. 


B 
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View in laboratory of the North American Mfg. Co., Paisees 
Cleveland, Ohio, well-known maker of combustion 
| for gas and oil. Inclinometer on left 
——————F measures amount of air; the one on right, the 
——————f_ amount of gas. Not shown are test stations using 
Meriam Manometers for testing burners, valves, etc. 


DIRECT READING 


MERIAM 


| INCLINOMETERS . 
SAVE A DAY'S CALCULATING 














With these two Meriam Inclinometers 
North American technicians read the 
cubic feet per hour of air and gas 
flowing to their combustion equipment 
during test. The inclinometer pressure- 
temperature compensator unit is set 
for the actual operating temperature 
and pressure of the air and gas flow. 
Using several Meriam orifice plates 
the correct flow is measured on the 
Without this 


equipment, extensive calculations 


inclinometer scales. 
involving a day’s time would 
be required. 


Meriam instruments are used through- 
out industry for measuring pressures 
and flows of liquids and gases. Accu- 
rate, dependable and timesaving, 
they contribute much to the efficiency 
of testing. Supplied in both standards 
and specials to meet all needs. 


Complete information on request. 


THE MERIAM INSTRUMENT CO. 

10958 MADISON AVENUE + CLEVELAND 2, OHIO 

WESTERN DIVISION: 4760 E. OLYMPIC BLVD., LOS ANGELES 22, CALIF. 
IN CANADA: PEACOCK SROS., LTD., MONTREAL 


ME RIAM * 


Opihiumenta 


ESTABLISHED 1911 


MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 


Dy * 
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INDUSTRIAL PRECISION CLEANING MACHINE 








‘Fy % 
Yung Oy bd 
og WY j 
y d 
Ge, 4a] 
For more than a decade industry 
has cleaned its smallest, most 
precise metal parts in this ma- 
chine that employs the famous 


L&R Centrifugal Cleaning Action. 
In the Work Basket, measuring 


L&R Manufacturing Co., @ 


3%” deep by 5%" I. D., typical 
parts, like those shown can be 
cleaned, rinsed, polished and dried 
in less than ten minutes — with 
three sets of parts separated by 
use of triple nesting baskets 
shown above. To eliminate a major 
production headache, order your 
L&R Industrial Cleaner today, or 
write for further catalog infor- 
mation. 


Price complete__ $262.50 
577 Elm St., Arlington, N. J. 








Branch Offices: 
55 E. Washington St., Chicago, Ill. « 355 S. Broadway, Los Angeles, Cal. 


























STACON 
CONTROL 








Temperature regulation to plus or minus one degree F. is the 
unheard-of accuracy obtainable with the self-operated Farris 


Stacon Temperature Regulator.* 
Twe design factors are responsible: 


1. Liquid in bulb flashes to vapor in power bellows steam 
does 99 per cent of the work...without appreciable time lag. 
2. Full balancing bellows has the effect of double seated 


operation with single seated valve 
counterpoise and all packing glands. 
prevents response to variations in 


floating valve disc. 
steam temperature. 


eliminates spring 
provides free- 


Stacon Regulators are compact, trouble-free, dirt-proof. They 
operate consistently in the worst possible surroundings and 


require no maintenance. 


You'll want to learn more about the most sensitive, accurate, 
economical temperature regulator on the market. Write for 


Stacon Bulletin 50-1000. 


* PATENTED 


Farris Stacon Corp. 


436 COMMERCIAL AVE. 
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better solution is to put the derivative in the controlle: so 
that a corrective valve action can be obtained, but to record 
an average of the variable flow. A record of this typ: is 
easier to read and to integrate. 

M. K. Andersen (Carbide & Carbon Chemicals Corp.) : Is 
it easier to arrive at optimum settings with your proposed 


| system than with the conventional pneumatic system? 


Clarridge: It is much easier to arrive at satisfactory 
settings. It is questionable whether it is easier to arrive at 
optimum settings because the controller is much less sensi- 
tive to changes in the settings. You will recall that in the 
equations covering the new control system we eliminate 
the (1-RT) in the denominator. Therefore, changes in the 
values of R’ and T’ in the new controller do not cause as 
much change in the value of the over-all sensitivity as cor- 
responding changes in the value of R and T in the conven- 
tional controller. Therefore, while optimum settings may 
be just as difficult to obtain, their importance does not seem 
to be as great. 

Andersen: How would you apply the proposed control 
system advantageously to a control system which includes 
pressure control setting a speed control for a gas engine? 

Clarridge: That in particular is one of the applications 
on which this new controller should show its greatest merit. 
Speed control is notoriously difficult due to the rapid re- 
sponses which must be obtained. Those of us who have 


| tried to substitute instrument-type control for the hydraulic- 


| governor-type control have found that difficulty is en- 


countered in picking up the load changes fast enough. This 


| new control system as available in the first commercial 


design can be closely coupled to the engine so that improved 


| results can be expected. Of course, the new control circuit 


is advantageous because of the start-up problems character- 


| istic of gas engines. 


Andersen: Did you say when R and T are equal the true 


| sensitivity approaches infinity? 


Clarridge: I believe that I did, but I should have said 
that when the two restrictions, derivative and reset, are 
equal the true sensitivity approaches infinity. This is 
equivalent to saying in the equations that the product of 
RT = 1. 


Andersen: Whereas your new controller stresses deriva- 


| tive, will it still function as well as a conventional controller 


if a derivative is not employed? 

Clarridge: Yes. If a derivative is not employed, the new 
control system behaves like a conventional controller. It 
will be noted from a study of the equations that they be- 


| come greatly simplified when derivative is not used. 


UNBALANCED FORCE REACTIONS 


in Control Valve Plugs and Their Influence on 
Diaphragm-motor Design and Operation 
R. A. ROCKWELL, Mason-Neilan Regulator Co. 
(Published in Instruments, December 1950) 

J. M. Jones (Texas Co.): If there are advantages to 
reversing the flow through valves, why isn’t it done more 
extensively? 

Rockwell: When the flow is reversed through a double 
seated body, the inlet or high pressure is under the packing 


| box and some people dislike this arrangement. With the 


flow through the body in the normal manner the force is 
tending to open the valve at the closed position. This force 


| is due to the difference in areas between the two seats, 
| multiplied by whatever differential pressure exists in the 
| body at that condition. Those forces are relatively small. 


A 4-in. parabolic plug with a 100-psi. drop has a force at 


| the seated position in the neighborhood of about 50 lbs. 


A 4-in. valve normally has a diaphragm area in the neigh- 


| borhood of 100 square inches. This force represents 0.5 
| psi. diaphragm pressure. This is not a very serious force 


to contend with, whereas the same parabolic plug as it ap- 
proached a maximum lift had an unbalanced force close to 
500 Ibs. That is equivalent to 5 lbs. pressure on the dia- 
phragm and is quite substantial. Again, we are only talk- 
ing about 100 lbs. pressure drop. The picture in the valve 
industry has changed quite appreciably in the last 15 or 
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Fifteen years ago, a customer’s specification for 


20 years. 

an 8, 10-, or 12-in. valve indicated that it would be used 
on low-pressure exhaust steam or water to the cooling 
towe:. But today people buying valves have no scruples 
about specifying 8-, 10-, 12-, or 14-in. valves and expect 


them to stand up and take 400 or 500 lbs. pressure drop. 


Joves: What is the possibility of using a quick-opening 
double-seated valve in place of the parabolic and sacrificing 
the percentage characteristics for those of a quick-opening 
disk? 

Rockwell: I have deliberately tried to avoid talking 
about characteristics. By so doing I am observing a request 
of the Steering Committee. It is an extremely confusing 
subject, and I know no way of simplifying it. I think there 
are lots of applications where characteristics are relatively 
unimportant, and if you can gain the advantage of reduc- 
ing unbalanced forces by the use of quick-opening disks, 
I see no objection to this procedure. 


W. Bates (Humble Oil & Refining Co.) : Have you done 
any work in measuring the unbalanced forces with angle- 
type valves? 

Rockwell: Yes, we have made quite an extensive study, 
first from a mathematical approach and secondly plotting 
curves to predict the force behavior. In actual test work 
we have tested small-size angle valves on water (up to 2- 
in. sizes) with pressure drops of 800 psi. We have never 
done any testing on compressible fluids on angle valves. 
The general character of the force curves on angle valves 
are very similar to those shown on the parabolic valve. 
The great limitation on all angle valves is that the flow is 
brought in over the seat. This arrangement develops a 
slamming characteristic and an accumulative action which 
tends to make the valve unstable. It is unfortunate that 
there is not some nice compromise, because there is much 
to recommend the angle valve and its free flow character- 
istics. It is a very efficient valve as the angle valve runs 
in efficiency up to almost 99 percent efficiency. 


Bates: Was there a reversal in force reaction on the 
angle valve? 
Rockwell: There is no reversal in the force direction. .- 


Were the tests that you 
piston 


R. Givens (LaGloria Corp.): 
have run on springless motors on diaphragms or 
designs? 

Rockwell: We have tested single-seated valves both with 
springless diaphragm motors and with the piston operators. 
One thing that we did with the piston operator was to take 


the 4-in. valve and bring the flow in over the seat. We ad- | 


justed the piston operator so that at the seated position the 
volume on the underside of the piston operator was very 
small, and we hoped to see if there would be enough com- 








pressibility in the lower section of the piston operator to | 


give it some stability. But, as far as we can determine, 
we were unable to develop any indication that pulling the 
piston down to compress the air underneath the piston of 
even a very small volume added anything in the way of 
stability. As a matter of fact, the strain gage unit had 
an uncut machine thread. We didn’t discover it until we 


were testing the 4-in. single-seated-valve piston operator, 
and when the plug hit the seat we broke the strain gage 
unit. “4 | 

C. F. Woods (Minneapolis-Honeywell Regulator Suds 


Was any study made of rotation forces on your angle-valve 
tests? 

Rockwell: No, we have never made any tests of rotational 
stem forces on the angle valve. We have tested rotational 
forces on the parabolic plugs, quick-opening disks, and a 
wide variety of skirt-type valves. 

H. E. Wright (Jefferson Chemical Co.): Has your firm 
dene any test work where the flow through the body has 
been reversed on bellows-sealed valves, and did the forces 
presumably caused by the pressure in the bellows cause any 
appreciable deviation from the normal curves? 

Rockwell: No, we have never made any special attempt 
to analyze the force behavior with bellows-sealed diaphragm 
valves, but I am quite sure that we could predict that be- 
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your tough iobs of | 
flow measurement: 


put A BARTON FLOWMETER 
IN YOUR ROUGHEST SERVICE- 
even then it requires little or 
no maintenance. For example: 


Where there’s overranging —no matter 
how frequent or severe —if it’s within the 
Barton pressure rating, the instrument will 
not be damaged or lose accuracy. 





d Corrosive fluids, such as acids, “sour” gases, 
sulfur dioxide, oxygen or hydrogen sulfide, 
cannot corrode the stainless steel compo- 
nents or housing. 











7-7. - _Wet gases are measured without the nui- 
*."sance of seal pots. Periodic meter cleaning 
7 
is unnecessary. 


Mercury hazards are eliminated. The 
Barton does not use mercury —hence there 
is none to form explo- 
sive compounds or 
troublesome emul- 
sions; none to contam- 
inate your products. 








Model 202 
Recorder ® 


SIMPLE, TROUBLE-FREE 
CONSTRUCTION FEATURES: 


@ Rupture-Proof Stainless Steel 
Bellows. 

@ Torque-Tube Drive — no pres- 
sure bearing. 

@ Self-Draining Housings. 

Pulsation Dampener, Adjust- 

able Externally. 

@ Low Displacement — less than 
-075 cu. in. for 5% of scale 
travel. 





Model 200 
Indicator 











for measuring 
FLOW e LIQUID LEVEL © DIFFERENTIAL PRESSURE 
WRITE FOR DETAILS IN BULLETIN 11C4 


BARTON 


INSTRUMENT CORPORATION 


1431 SO. EASTERN AVE., LOS ANGELES 22, CALIF. 
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DO YOU KNOW? 


—that ao PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. .add aftraction—safety—service ? 


— what lamp fo use 
— how fo use it 

— what it will do 
— what it will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed @ Rugged 
Catalogue Number 521308 — 997 

for 110 or 220 volts. 
SAMPLES 
for design purpose 
NO CHARGE 


NEW! | Write for the 
“HANDBOOK OF PILOT LIGHTS.” 


Write us on your design problems. 





















Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N, Y. 


















STATHAM ANGULAR 
ACCELEROMETERS 





A new series of unbonded strain gage angular accelerom- 
eters is available to detect and measure angular accelera- 
tion in ranges from +3 to +400 radians/sec/sec. The design 
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yond the simple alteration due to the increased effeciive 


area of the bellows with respect to the area of the siem, 


that there would be a base shift of the unbalanced forces 
and the change of force with respect to lift would not be 
changed. 

W. O. Suydam (Cities Service Oil Company): Will you 
please elaborate on what has been done and is being done 
on streamlining control-valve bodies to cut down erosion 
of the internal surfaces of the body? 

Rockwell: This is usually a problem of streamlining the 
body so as to increase the efficiency. Possibly you have seen 
valves in cutaway sections showing the streamlined char- 
acteristics by passing colored smoke and colored vapors 
through the passages. You can note the smooth, streamlined 
effect as the smoke drifts through. In actual usage we are 
confronted with valves in many instances absorbing high 
pressure drops. With high pressure drops and high body 
velocities the fluid stream is turbulent. There is some indi- 
cation that it is not always desirable to have streamlined 
bodies. This may be true, particularly on liquid service, 
where streamlined bodies and very smooth flow passages 
may increase cavitation and contribute materially to erosion, 

L. C. Books (Shell Oil Company): Please comment on 
the effect of characteristics and the drop in the body of the 
valve. 

Rockwell: The question is to comment on the effect of 
valve characteristics when the drop in the body of the valve 
is considered. The drop across the port and the drop 
across the valve body itself are in series, and it is the ratio 
between the two that requires consideration. As the body 
comes in to be more of a restriction to the flow, then it is 
necessary for the port to give up more and more drop be- 
cause it is the port of the valve that is giving up drop to 
the body and to the line. One of the difficulties is that you 
finally reach the limit as to the rate that you can increase 
the port area of the valve. We can increase the rate of 
opening up the area to the point that we must lift the plug 
out of the seat. At this point we approach the maximum 
rate at which we can expose the port area. These factors 
must also be given quantitative consideration with respect 
to the maximum capacity of the valve. 

R. H. Putnam (Shell Pipe Line Corp.) : How do you pre- 
dict the unbalanced forces will vary with pressure-drop 
changes? 

Rockwell: The only exact information I have is through 
the range that we tested, in the range of 85 to 90 psi. All 
of our curves were plotted on the basis of 100 psi. What 
we did was to run a series of tests with different lifts and 
at different pressure drops to correlate the information 
so that through the ranges which we used our assumption 
we found that the unbalanced forces were practically pro- 
portional to the pressure drop. Angle-valves tested at 
800-psi. drop appear to confirm this assumption. 

Andersen: What effect would flashing of a liquid to 
vapor and passing through a control valve have on the un- 
balanced forces acting on the valve plug which you dis- 
cussed in your paper? Can you make any allowance for 
that? 

Rockwell: There are many things we do not know when 
it comes to the flashing of fluids in control valves. Practi- 
cally the only way we operate is by playing safe and using 
expanded bodies. How flashing affects unbalanced force re- 
actions is really beyond our scope at the present time. To 
date, our testing has been for the most part restricted to 
liquids and we hope to do more with compressible fluids 
later. The transitory conditions from liquids to compressible 
fluids is something for much later consideration. 

Pete Knapp, Jr. (General Tire & Rubber Co.): Is the use 
of a valve positioner a solution to the problem of the unbal- 
anced force in ordinary control valves? 

Rockwell: The positioner does not eliminate or alter the 
unbalanced forces produced by velocity effects in the body 
of the valve. The positioner applies to the diaphragm case 
the pressure required to force the valve plug into the posl- 
tion corresponding to signal received by the controller. It is 
frequently possible to increase the supply air pressure to 
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the positioner and in this manner increase the power of the 
diaphragm motor to overcome the unbalanced force of the 
valve plug. In any case, consideration must be given to 
the furce direction of both the plug and the motor operator. 


POWER PLANT CONTROLS 
B. F. HEYE, Central Power and Light 


(Published in Jnustruments, January 1951) 

Heye: Some one asked what throttling pressure we main- 
tain at Corpus. We have two pressures in the Nueces Bay 
station in Corpus. The first four units which consist of 
45,000 name plate rating, we maintain at the throttle 375 
lbs. That is the manufacturer’s plate rating on that. We 
operate three of those units at 825 F. and one unit, which 
is a 7500 kilowatt, is rated at 700 F. We operate a new 
turbine at 900 F., 850 lbs. We are not operating in that 
range, not that low. We are operating somewhere around 
12,000 Btu. kilowatts. 


SOME DEVELOPMENTS 


in Electronic Instrumentation 
Including Process Control 


W. T. MARCHMENT, Evershed & Vignoles, Ltd. 
(Published in Justruments, January 1951) 


C. F. Woods (Minneapolis-Honeywell Regulator Co.): 
Have any motor-operated valves been used with this equip- 
ment? 

Marchment: In the early days on our own pilot plant we 
did use a motor-operated valve in which a contact was made 
starting a motor in either clockwise or anti-clockwise direc- 
tion. To overcome troubles such as overshoot, however, and 
obtain smooth control a motor-operated system having servo 
characteristics should be used: for example, feedback pro- 
portional to speed ete. Although we are electrical engineers 
we have converted to air at the control valve. The reason 
for this is a practical one, for while we are large makers 
of electrical motor-operated servomechanisms, we cannot 
envisage at the moment such units being provided at as 
reasonable a price as the air diaphragm motor. 

J. P. Swint (Humble Oil & Refining Co.): Is any trouble 
encountered with voltage regulations with these servo- 
mechanisms? 

Marchment: The transmitter circuit is such that read- 
ings are independent of large voltage fluctuations and vari- 
ations in line resistance. Under such conditions balance is 
disturbed and the pot coil deflects causing the grid contact 
to touch the appropriate bias contact until balance has been 
restored and the grid contact is floating in the neutral 
position. In addition, to safeguard against very sudden fluc- 
tuations in voltage such as are experienced in Steel Works, 
advantage is taken of negative feedback and any small 
change in plate current varies the relationship between 
grid and cathode voltage tending to stabilize the system. 
We have to take into consideration on long-distance trans- 
mission where pumping stations are being automatically 
controlled, the change in line resistance. Our own Post 
Office Authorities do not hesitate to alter the line route in 
cases of emergency, and line resistance may suddenly vary 
from 500 to 1000 ohms and control of the plant is expected 
under the changed conditions. 

J. M. Jones (Texas Company): Is there any trouble en- 
countered due to the change in temperature of the springs 
which are used to balance the force of the torque coil? 

Marchment: With the range of temperatures on the plant 
where we have applied this equipment we have not experi- 
enced any difficulty. I think we could provide compensation 
in extreme cases which is possibly what you have in mind. 
One thing that would help us in such cases would be that 
with current torque-balancing devices operating on the null- 
peint principle compensation may be achieved in a simple 
manner. 

W. Bates (Humble Oil & Refining Co.): Explain how 
the mechanical indication was obtained on the flow meters. 

Merchment: Mechanical indication is obtained by a fol- 
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lower magnet which is acted upon by the north pole edge of 
the rolling magnet. That is to say, whereas the repulsion 
force between the rolling magnet and strip magnet of the 
electrical transmitter is opposed by a force due to current in 
the pot coil, for mechanical indication one edge of the rolling 
magnet is used to operate a pointer which follows it. 

Dr. J. F. Draffen (University of Texas): How are your 
time constants of 50 minutes obtained? 


Marchment: The integral time constant of 50 minutes is 
obtained by using an emissive type of photoelectric cell cur- 
rent bridge arranged to charge a capacitor. Unlike an im- 
pedance bridge the current charging law is linear. With 
an emissive cell emission is proportional to the light intens- 
ity and the electrons may be likened to cricket balls being 
fed to a vessel, the storage vessel in the integral circuit 
being the capacitor. The capacitor value is approximately 24 
microfarads. The derivative capacitor can of course be 
much smaller, and it is interesting to note that the deriv- 
ative component is added to the integral component, one 
tube being used for both components. This illustrates the 
flexibility obtainable by the use of current measuring 
circuits. 

Porter Hart (Dow Chemical Co.) : Is this method of meas- 
urement applied to temperature measurements as well as 
pressures and flows, the temperature measurements being 
made by thermocouples or resistance thermometers? 


Marchment: As far as temperature is concerned we are 
trying out a method which uses apparatus a little different 
from the one described. As an interim step we are using 
a potentiometric recorder operating a force-balance trans- 
mitter to obtain a current proportional to temperature. 
This current is fed into the controller circuit. 


M. kK. Andersen (Carbide & Carbon Chemicals Corp.) : 
In the electrical system described are the 3 settings, pro- 
portional band, reset, derivative, entirely independent from 
one another? If so, could you explain in some detail. 

Marchment: In pneumatic devices mechanical link mo- 
tions are used, for example to connect proportional and in- 
tegral or reset actions. Summation, subtraction, division, 
ete. can be achieved electrically without mechanical inter- 
connection and each function can be analyzed independent- 
ly. Thus the integral or automatic reset current is added or 
subtracted from the current representing the quantity to be 
measured, and so also is the derivative current. Each func- 
tion is separate and therefore there is no interaction be- 
tween them and the adjustment of one function does not 
upset the others. That is what we mean by the 3 terms being 
entirely independent. 


Andersen: Wonld you kindly give in some detail the 
means by which you achieve a proportional band, reset and 
derivative action? 

Marchment: Unlike the pneumatic equivalent, datum, set 
point or desired value is established by a predetermined 
current value which is used as a basis 9f comparison. Im- 
agine therefore a simple movement with a double coil wind- 
ing. One coil has a torque in one direction due to a cur- 
rent of 15 milliamps. representing say half level in a level 
controller. The other coil carries a current of 15 milliamps. 
representing set point or desired value and produces an 
equal and opposite torque. Balance is created under these 
conditions. Any deviation, (we will say for example that 
the current of the measured quantity rises to 16 milliamps. 
compared with 15 milliamps. set point current) causes the 
photoelectrical bridge to become unbalanced, the out-of- 
balance voltage being proportional to deviation. As the 
out-of-balance voltage is applied to the grid of the integral 
tube the plate current continues to change until the process 
restores the level to the equivalent of 15 milliamps.; the 
integral time being governed by the light intensity. Propor- 
tional band or throttling range is effected by shunting the 
2 coils of the proportional unit, so causing a change in pro- 
portional current to require a larger or small output current 
to balance it. The control valve air pressure is proportional 
to the output current and a wide or narrow proportional 
band can be obtained by varying the sensitivity of the dou- 
ble coil unit. In the case of derivative or rate of change 
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action, the transmitter current flows through a resistor 
which has a voltage across it proportional to the measured 
quantity. The ends of the resistor are connected to a capac- 
itor in series with a variable resistor. A voltage therefore 
appears across the variable resistor proportional to the rate 
of change of the measuring current. This voltage is ap- 
plied to the grid of the integral tube and therefore causes 
a further movement of the valve. 

Aiudersen: Do changes in photocell characteristics affect 
the rate? ; 

Morchment: That is rather an important point and with 
the emissive type of photoelectric cell operating above a 
certain datum voltage, any variation in voltage applied to 
the cell does not influence the current output. It is only 
variation in light intensity that affects the rate of charging. 
It might be argued possibly that trouble might arise through 
variation of voltage on the integral tube but advantage is 
taken here of a very high negative feedback and it requires 
only a small change of current in that circuit to stabilize 
output and make it relatively independent of voltage vari- 
ation. 

Andersen: Would you like to comment on speed control 
relative to electrical machines? 

Marchment: The reference made to the use of derivative 
was in the case of a power plant in which a compressor 
turbine was divorced from the power turbine. Speed control 
was the main requirement and the most valuable component 
for stability of control was found to be derivative. 

Years of research have produced materials which can 
adequately resist corrosion and there are many choices these 


days. For the contacts in the transmitter we use platinum- 
iridium. Furthermore there is a resistor of the order of 
0.75 megohm between the grid and the center contact, 


so contact resistance does not enter into the problem very 
much. 

Bates: Would you discuss further the new approach to 
temperature measurement? 

Marchment: I promise gentlemen that you will be among 
the first to receive details of the new approach to temper- 
ature measurement, but I do not think I am ina position 
at the moment to give any outline of that. 


L. N. Combs (EF. 1. du Pont de Nemours & Co.): What 
accuracy of transmission can be expected from the electro- 
pneumatic system? 

Marchment: The accuracy of the electropneumatic sys- 
tem is well within 1 percent. 

Combs: Are there any special precautions necessary in 
transmision wiring? Can multi-conductor cable be used to 
transmit several variables in the same cable? Can transmis- 
sion wires be placed in the conduits with power carrying 
wires? What type of wire can be used and at what voltage? 


Marchment: As far as cables are concerned we can bene- 
fit very largely by the use of multi-conductor cables. The 
existence of external or associated conductors carrying al- 
ternating current will not in any way disturb transmission. 
The current is small, being a maximum of 30 milliamps., 
so the carrying capacity of the conductors is not so import- 
ant as that they should be reasonably well insulated. The 
voltage impressed on the line is in the order of 60/70 volts. 
That brings up another point which is that the transmitter 
and connecting lines to the controller and those to the elec- 
tropneumatic relay can be considered as intrinsically safe 
circuits. This is important, and I hope that some Govern- 
ment Manuals on the subject which I have distributed to 
members of the Recommended Practices Committee in this 
country, will be handed to the appropriate authority, and 
that instrument companies in America may benefit from 
them. 


Please go into detail on the square-root ex- 
flow meter. 


Andersen: 
tractor of your 


I mentioned that the torque exerted by the 
single pot coil, and the current were proportional to the 
differential head. If, however, the current passes through 
two fixed coils connected in series with a moving coil, the 
torque opposing that of the magnet float will be proportion- 
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For many years the thermopile has 
been the accepted instrument for meas- 
uring Radiant Heat from Radiant Heaters 
at the American Gas Association Testing 
Laboratory in Cleveland, Ohio. Since 
1930, when Vandaveer first described his 
work in this field,* an Eppley thermopile 
has been used for this purpose in hun- 
dreds of tests and the results have been 
consistent and accurate to within 1 per 
cent. 

This is but one of many applications in 
the field of radiant energy measurements 
for which Eppley Thermopiles are ideally 
suited. They may be obtained with win- 
dows of different materials, and various 
types of black are available for receiver 
coatings. 

All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a Stand- 
ard Lamp from the National Bureau of 
Standards. 

If you have a problem involving the 
measurement of radiant energy we invite 
you to write us, describing your problem 
in as much detail as possible. We will 
be glad to make recommendations and 
there will be no obligation. 
*Vandaveer, Industrial & Engineering 
Chemistry, Vol. 22, page 596, June 1930. 
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al to the square of the current and the current will be pro- 
portional to the flow. This arrangement is not new and 
forms the basis of many dynamometers. 


J. R. Parsons (Phillips Petroleum Co.): Discuss in more 
detail the current bridge and the current-emissive photo- 
cell by means of which you derive the 50-minute time 
constant. 


Marchment: The photocells being of the emissive type 
form a current bridge and it should not be regarded as an 
impedance bridge. Therefore the output from such a bridge 
may be used to slowly charge a capacitor, the charging law 
being linear. The capacitor value in this case is in the or- 
der of 24 microfarads. The integral or reset time is deter- 
mined by the degree of brilliancy of the lamp. At set point 
the shutter is in a position to illuminate each cell with equal 
light intensity. Assuming deviation from a set point or de- 
sired value, integration will be at a rate proportional to 
deviation and in respect of time as governed by the bril- 
liancy of the lamp. 

R. Givens (La Gloria Corp.): Has this level indicator 
been worked on any closed type of pressure tank, such as 
tanks that hold butane and propane? 


Marchment: The Precise tank gage is used for tanks 
which are non-pressurized. There is a slight leak due to 
passing a spindle through a flame trap hole which must be 
glandless to maintain sensitivity. There is another type 
of transmitter we have applied to Hortonspheres in which 
the specification called for a degree of accuracy less than 
that required for normal] tank storage. Therefore we were 
able to use an instrument which enabled transmission of 
Hortonsphere levels to within 1 percent. In this case we 
use the electronic repeater transmitter the spring of which 
is wound up by a float-operated drum magnetically coupled 
to the shaft connected to the spring. The whole unit is in 
fabricated steel and arranged for mounting on a 10-in. ASA 
flange pipe. 


INSTRU MENTATION 
of an Ammonia Plant 
R. C. KING and PORTER HART, Dow Chemical Co. 


(Published in Jnstruments, this issue, page 158) 
Dr. B. W. Thomas (Humble Oil and Refining Co.): Will 
you elaborate on the gas analyzer shown in the last slide? 


King: That is the gas analyzer on the recycle gas 
stream. This analyzer has a range of 60 to 80 percent 
hydrogen in air. Like all the other gas analyzers in the 
plant, it operates on the thermal conductivity principle. 
Since the thermal conductivity of hydrogen is 7 or 8 times 
that of air, this method is very dependable for analysis 
of hydrogen-air mixtures. As I mentioned in discussing 
the hydrogen collection system, the analyzers in that sys- 
tem have a range of 95 to 100 percent hydrogen in air. The 
controller analyzer which adjusts the ratio flow controller 
on the burner has a range of 65 to 85 percent hydrogen in 
order that 75 percent, where we want to operate, falls in 
the center of the scale. 

H. M. Cook (Celanese Corp.): Will you elaborate on the 
physical characteristics of the reactors, physical dimen- 
sions, materials, and so on? 


King: I purposely didn’t go too deeply into that in the 
preparation of this paper, so I can’t give you any actual 
engineering information on the construction of the reactor. 
It is constructed of steel, however. 

R. E. Hansen (Leeds & Northrup Company): Why is 
the temperature of the reactor controlled by heaters in the 
reactor when the gas produces more than sufficient heat? 
Why not control the by-pass of the cold gas automatically? 

King: The regulation of the temperature of the reactors 
is complicated by a number of factors. They are built in 
the open so that radiation losses vary widely, and rain 
showers change the temperature of the input gas sharply. 
On starting up the process, no gas is by-passed at all until 
the heaters have raised the temperature to the desired 
point. The adjustment of the power input to the heaters 
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is quite simple, rapid and positive, giving a very satisfactory | 
uniform temperature in the reactor. This method of con- | 
trol eliminates the maintenance of a control valve of this | 
size operating at high pressure, plus two additional block 
valve S. 

L. N. Combs (E. I. du Pont de Nemours & Co.): What 
is the life of Inconel-Alumel thermocouples in the hydrogen 
atmosphere at your operating temperatures? 

Hurt: We expect the life of this thermocouple to be at | 
least 6 months. 

M. K. Andersen (Carbide & Carbon Chemicals Corp.): 
What do you do in the hydrogen-producing plant to make | 
it explosion proof? That refers to instruments, of course. 


Hurt: None of the instruments in the hydrogen-produc- 
ing plant or the ammonia plant are explosion proof. The 
plants are built in the open, and hydrogen dissipates rapidly. 

Andersen: Your process contains a multiplicity of safety 
and shut-down devices. How do you determine which one 
has been actuated by the trouble? 


Hart: We have had that problem. Another relay system 
is being put in so that we can identify the one cause that 
may have shut down the plant. 

Andersen: I know that your Company has been using 
colored panels and are also planning graphic panels. Will 
you make some comments on this subject? 

Hart: The Dow Chemical Company, Texas Division, 
has been painting the control panels and instruments in 
hight shades of harmonizing colors since early in the 1940s. 
It is our belief that it is most depressing for an operator 
to look at black panels and instruments all day. The colors 
definitely brighten up the control rooms. We think that 
colored panels and colored instruments have made better | 
operators. Control rooms are kept cleaner; equipment is | 
better cared for. This, we believe, definitely has a very 
good effect on operations throughout the plant. In fact, our 
plant is very highly colored throughout. In graphic panels, 
colors will be put to even a better use. Graphic panels will 
make operations less subject to mistake. I like to call this | 
visual operation, and, as we are getting into very complex | 
processes, a system of this type is quite necessary to keep 
the process before the operators. If anything can be done 
to lessen an operator’s mistakes, it definitely should be done, 
and experience in industry today has proven that it will 
make an operator more productive, in that he can handle 
more processes. 

Novak: I fully agree with the physiological aspect of 
color on the graphic. The point that I tried to make in my 
paper is the fact that this is not a decorative idea. It has 
actually been accused of being that. It serves a functional 
purpose and the addition of color is certainly a very de- 
sirable aspect but it is not the motivating aspect. This is 
not in disagreement with what Porter Hart had to say. 


Andersen: Do you have any figures or approaches to 
figures giving the economic values of those panels? I under- 
stand the utility companies have actually made tests and 
can prove that they can get back on the line very much 
faster with a system that is self-explanatory, some sort of 
a graphic panel and they have published definite figures. 

Hart: Are you talking about the cost of making a panel 
colored or are you talking about the economic value. I 
think that Ebasco is experienced in using graphic panels in 
power. They are doing it now very rapidly and believe in 
it so well that they have gone all out for such systems in 
their power plants and because then one man can handle 
the whole steam plant knowing what is happening in the 
one coordinated control room where everything is in front 
of him. It is such an experience as this that they tell 
about in the paper that a shut-down caused by something 
they did not know required something like 4% hours to 
Straighten out. The same thing repeated itself with their 
new type of panels, and bringing ali controls together, 
along with their visual like operations, enabled them to 
come back on the line under the same conditions, in some- 
thing like a matter of minutes—I think that it was 41% | 
minutes. 
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KEMP DYNAMIC DRYERS DRY 
INSTRUMENT AIR TO LOW DEW 
POINTS FOR AS LITTLE AS Vac PER MCF. 


Kemp Dryers save industry thousands of dollars a 
year—because they protect costly instruments from 
damage due to moisture in the air or air source. 
Operation is guaranteed to your specifications, and 
standard models are available for any instrument 
air drying operation—whether it’s large or small. 
Send For Information. Kemp has a Dynamic Dryer 
designed for every application. Find out how Kemp 
can solve your problem. Write today —no obligation. 
h EMP DYNAMIC DRYERS 
nical information. C. M. KEMP 
FG. CoMPANY, 405 E. Oliver 


Write for Bulletin D-27 for tech- 
M 
OF BALTIMORE _ Street, Baltimore 2, Maryland. 


CARBURETORS @ BURNERS @ FIRE CHECKS @ ATMOSPHERE 
GENERATORS @ ADSORPTIVE DRYERS @ METAL MELTING UNITS 
SINGEING EQUIPMENT @ SPECIAL EQUIPMENT 








THE COMPLETE LINE 


Now furnished in stainless steel bulb and nut, Mar- 
shalltown dial thermometers are accurate, compact, 
durable instruments for the indication of liquid or 
gas temperatures. They are available in a variety 
of temperature ranges from minus 40° F. to plus 
500° F. Actuation is positive, direct with full free- 
dom — no gears or pinions, Available in sizes 2”, 
2%", 3%” and 4%”. 


WRITE TODAY FOR FULL DETAILS AND PRICES 


Marshalltown Mfg. Co., Marshalltown, lowa 
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DIAPHRAGM OPERATED 
CONTROL VALVES 

in CORROSION 
RESISTING 

ALLOYS 





PROMPT DELIVERIES, because 
they're machined from available 
barstocks ... NO CASTING DE- 
LAYS! 







Your requirements for pneumatic 
control valves in many unusual 






STANDARD 
marEmuats aloe gan ee roy ih 
AVAILABLE gy eae aaa 





stock body valves. Available in 
14", 34" and1” nominal pipe sizes 










Hastelloy Durimet with screwed connections. Stand- 
Monel ard 600 pound pressure rating can 
Everdur Nickel be furnished as semi-standard for 









pressures to 3,000 psi (cold). 
REQUEST BULLETIN AB-10-2 





And most other machine- 
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ELEMENTARY 
ENGINEERING 
ELECTRONICS 


With Special Reference to Measurement and Control 
By ANDREW W. KRAMER 


Managing Editor Power Plant Engineering, Member 
American Institute of Electrical Engineers, Associate 
Member Institute of Radio Engineers. 


Cloth, 344 pages, 259 illustrations, 
$2 postpaid 
This is a PRACTICAL treatment of principles and appli- 
cations. It is NON-MATHEMATICAL—no equations be- 
yond elementary-algebra level in the text—fewer than a 
dozen of these to be learned. 
Acquire a better knowledge of 
electronics without trying 
to be a radio engineer. 


ORDER THIS UNIQUE BOOK NOW 


Check, money order or cash must 
accompany order 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Ave. Pittsburgh 12, Penna. 
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AMMONIA PLANT 


Continued from page 158 
REACTORS (Fig. 3) 

The reactors, where the hydrogen and nitrogen are com- 
bined under high pressure and temperature in the presence 
of an iron catalyst, are temperature controlled. The rceac- 
tion is exothermic, so the final temperature is held to the 
desired maximum by manually by-passing some of the inlet 
gas around the heat exchange in the outlet gas line. Actu- 
ally, a slight excess of cold gas is by-passed and the tem- 
perature maintained by electric heaters in the reactors. 

The temperature is controlled by a thermocouple instru- 
ment with a mechanical-electrical control system. The volt- 
age output of this controller varies the grid potential on 
two Thyratron tubes supplying full-wave rectified d.c. to 
the core windings of a saturable core transformer. As the 
saturation of the core is varied, the output power to the 
heater is controlled. This method of heater control is used 
in other industries. 

The exit gas, after passing through heat exchangers 
countercurrent to the inlet gas, is refrigerated in condensers 
with anhydrous liquid ammonia. The temperature is con- 
trolled by a back-pressure regulator in the ammonia vapor 
line. 

The liquid anhydrous ammonia condensed from the proc- 
ess goes into a separator from where it is forwarded to 
the storage tanks. This product flow is measured with an 
orifice flow transmitter (mercuryless type) and recording 
receiver. 

After the liquid ammonia has been separated, the process 
gas is recompressed and recycled to the inlet of the reactor. 
The speed of the recycle compressor is controlled from the 
suction pressure with the same type of control system as 
that used on the other compressors. 


REFRIGERATION 


Large quantities of cooling water are used throughout 
the plant. The condensers which remove the product am- 
monia from the gas stream are cooled by liquid ammonia. 
This ammonia vapor as well as that from the storage tanks 
and vents, is recovered by mechanical refrigeration systems 
where the vapor is compressed, cooled, and the liquid am- 
monia returned to storage. There is also a large absorption 
refrigeration p!ant using a gas-fired reboiler on the rectifier 
column. 

CONCLUSION 

The air for all control instruments and cylinder-operated 
safety shut-off valves is dried to zero degrees Fahrenheit 
dew point at 100 psi. pressure in a silica gel drier. The 
control and transmitter air lines are quarter-inch galvan- 
ized pipe. Transmitters and receivers are used entirely in 
the recording and controlling of pressures, flows, levels, 
and other variables. All of the flow transmitters measuring 
ammonia and most of the other flows in the plant are the 
mercuryless type. This prevents any possible reaction be- 
tween mercury and ammonia. All thermocouple, resistance 
thermometer, and gas analyzed instruments are of the elec- 
tronic balancing type which eliminates the effect of vibra- 
tion pick-up from the compressor system. 
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Fig. 3. Reaction System 
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There are no specially-developed instruments used for con- 
trolling any part of this ammonia plant. Some of the control 
problems are complicated by the high presusres, but the 
basic instruments are not changed. It is felt that some of 
the automatic process control systems have improved a few 
operations that in older plants were performed manually. 
As operating experience is gained with this plant, it is 
possible that still further applications for automatic process 
controls may become apparent. Certainly, no instrument 
engineer ever complacently considers that all that can be 
done has been done, even with a 35- or 40-year old process. 


January Cover Correction 





= \ ‘i yas: % 

Calibration of a Mueller Bridge at the National Bureau of Standards. 

The above picture, with the caption as it appeared on our 
January cover mike up the correct combination as it should 
have appeared last month. The illustration which did appear 
was incorrectly designated by the National Bureau of Stand- 
ards as Fig. 6 of the article appearing on page 35 of our 
January issue. 

The following is quoted from a letter from William K. 
Gautier of the Bureau’s Technical Report Section: 

“The cover picture of the January issue of Instruments 
first brought to my attention an error on our part. In some 
way the wrong photograph was sent out as Fig. 6 for use 
with Technical Report 1489, ‘Standards for Electrical Meas- 
urements,’ by Francis B. Silsbee .. . Our only consolation in 
this matter is that the mistake was made in the Bureau’s 
photographic laboratory, rather than in this office .. .” 

The instrument assembly pictured on the January cover 
is a Knorr-Albers recording microphotometer comprising a 
Leeds & Northrup scanning unit in the foreground and the 
associated L & N “Speedomax” instrument in the rear. 
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Just Published 


Applications 
of Industrial 
pH Control 


By ALLEN L. CHAPLIN 
Cloth, 148 pages, 94 illustrations 
$2.50 postpaid 
Payment must accompany order 
The Instruments Publishing Co., Inc. 


921 Ridge Avenue Pittsburgh 12, Pa. 











RE CALIBRATE on the job with the new 
ROCHESTER DIAL THERMOMETERS! 


Accidents are bound to happen...like dropping or bang- 
ing a thermometer sufficiently hard to make readings in- 
accurate. This could result in costly production errors. To 
eliminate this possibility, Rochester now offers a new 
bi-metallic Dial Thermometer with screw adjustment 
permitting recalibration on the job! All you do is put 
| the instrument in boiling water or other known temper- 
| 

| 





ature and reset indicator. This is only one of many out- 
standing types of Rochester Instruments—known for 
their dependability for over 35 years. Rochester Manu- 
facturing Co., Inc., 85 Rockwood St., Rochester 10, N. Y. 


ROCHESTER MANUFACTURING CO., INC. 


DIAL THERMOMETERS GAUGES AMMETERS 
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world’s largest stocks of 
ELECTRONIC SUPPLIES 
FOR INDUSTRY 
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COMPLETE EXPERT INDUSTRIAL SERVICE 





Send today for ALLIED’s complete, up-to-date 1951 Buying 
Guide to everything in electronics for industrial application. 
Rely on ALLIED for the world’s largest stocks of special 
tubes, parts, test instruments, tools, amplifiers, intercom 
| and paging systems—complete quality lines of electronic 
supplies. ALLIED’s expert Industrial Division saves you time, 
effort and money. Send today for your FREE copy of the 
1951 ALLIED Catalog. 


EVERYTHING IN ELECTRONICS FROM ONE RELIABLE SOURCE 
833 W. Jackson Bivd., Chicago 7, Illinois 
A L Li 3 D 0 Send FREE 1951 ALLIED Catalog No. 126 
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Like all other products that bear the 
Honeywell nameplate, the Electronik 
Potentiometer has established a repu- 
tation for sound design and construc- 
tion, with flexibility . . . all of practical 
importance to superintendents, engi- 


neers and instrument men. 


Thorough research, common-sense de- 
sign engineering and practical field 
testing have contributed to the many 
features which add up to the simplified 








IT WILL PAY YOU TO 
TAKE A GOOD LOOK 


at the 


Honeywell 
(BROWN = - 














operation and maintenance of the 
ElectroniK Potentiometer. 


The chassis of all ElectronikK Poten- 
tiometers Circular Scale and 
Circular Chart, as well as Strip Chart 

.. swings out 180° to permit easy ac- 
cess to all components. Maintenance is 
simplified and time consuming disman- 
tling for change of range or control unit 
is eliminated. Dowel fitted parts prevent 


misalignment of the swinging chassis. 
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POTENTIOMETER 


















| The circuit resistors are practically at your finger- 
tips, making for easy range changes without re- 
moval of other components. Ranges may be varied 
for many sensing or detecting elements wherein an 
emf is created. 





- 2) Easy to see and read is this pointer which indicates 
condition of the battery used to supply current to 
automatic standardizer. 


©} The totally enclosed slidewire is easily accessible. 
Its many convolutions establish basis for the high 
sensitivity of the ElectroniK Potentiometer. 


4 mechanical parts are readily accessible for 
necessary lubrication and inspection of the 
instrument. 


The amplifier of the ElectroniK Unit is readily 
accessible. This, plus unitary construction, adds 
much to the simplified operation and maintenance 
of this instrument. 


Take a good look at the five features presented here . . . and 
then call in your local Honeywell engineer for a discussion 
4 of their utilization in your plant. Catalog sent on request. 
i MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
my Division, 4482 Wayne Ave., Philadelphia 44, Pa. Offices 
in more than 80 principal cities of the United States, 
Canada and throughout the world. 
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The Month’s NEW INSTRUMENTS 


In this department we report each month new devices for measurement, inspection, test- 
ing. metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 237 





Millivoltmeter Pyrometers 


New line of millivoltmeter pyrometer 
indicators and controllers has_ 7-in. 
scale. Indicators are accurate to 0.75 
percent; Alnico 


movement has 3.25-lb. 





Controllers use plug-in units; 
within 0.1 percent; are 
available for two- or three-position 
action with thermocouple-break pro- 
tection standard. Over-temperature pro- 
tector model requires manual reset to 
restart process.—Meter and Instrument 
Divs., General Electric Co., Schenectady 
5, N. ¥ 


Mention No. 201 when filling out card. 


magnet. 
are sensitive 


Vibration and Strain 
Analyzer 


New “H-42A Strainalyzer” makes 
possible simultaneous observation and 
recording of four separate traces on a 
5-in. c-r. oscilloscope tube, each ap- 
pearing in correct time relationship. 
Recording is accomplished with a Fair- 


«E+ 
. 
* « 





child “Oscillo-Record” camera. Instru- 
ment is designed for d-c. bridge 
excitation from self-contained batteries 
and has high-gain amplifiers, balance 
controls and voltage and calibration 
controls for each strain gage bridge 
channel. Durations of linear sweep 
generators have been extended to 10 
sec. for study of low-frequency phe- 
nomena. Unit is not acoustically sensi- 
tive—Electronic Tube Corp., 1200 E. 
Mermaid Lane, Philadelphia 18, Penna. 
Mention No. 202 when filling out card. 
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High-speed Chronoscope 
and Input Adapter 


New “Model 110” high-speed chrono- 
scope has 8 ranges from 1 millisec. to 
3 sec. Instrument indicates on time 
scale percentage of charge lost by ca- 
pacitor connected across resistor. Ac- 
curacy is 1 percent of full scale on any 
range. Unit operates on open or short 





circuit or a pulse 6 v. or more. New 
“Model 211” input adapter separates 
start and stop operation of chronoscope. 
Either signal can be chosen as a pulse 
of at least 1 v., an open or short cir- 
cuit. Features include sensitivity con- 
trol for magnitude of signal, lock-out 
to reject stop before start signal, and 
acceptance of only first time interval 
presented. Both units operate from 
110 v. 60-cps. line—American Chrono- 
scope Corp., 316 W. First St., Mt. Ver- 
non, N. (fe 
Mention No. 203 when filling out card. 





RF Timer and Counter . 


New “Model 801” frequency-time 
counter measures frequency to 1 Me. 
with an accuracy of 0.001 percent by 
either counting cycles in 1-sec. intervals 





or timing preset number of cycles. In- 
strument is also secondary frequency 
standard with outputs of 1, 10, 100 eps. 
and 1 and 10 ke. With an external 
generator unit can be used as a ta- 
chometer.—Potter Instrument Co., 115 
Cutter Mill Road, Great Neck, N. Y. 
Mention No. 204 when filling out card. 


Rotor Temperature Recorder 


New special model of maker’s elec- 
tronic recorder measures temperature 
of rotor in large electric generators, 
Instrument range is 0 to 150 C.; has 
limit error of 1.5 deg. C. and pen speed 
of 1.4 min. full seale. Range of rotor 
winding resistance is 0.1 to 4.0 ohms; 
unit has dielectric test of 1,500 v. rms. 
for 1 minute.—Brown Instruments Div., 
Minneapolis-Honeywell Regulator Co., 
Wayne & Windrim Aves., Philadelphia 
44, Pa. 


Mention No. 205 when filling out card. 





Pneumatic Dimension Gage 


New “Dimensionair” gage has range 
of 0.003 in. with amplification of 2500:1. 
Gage plug connections made without 
chrome-plated 


wrenches; plugs have 





large jets and deep recess clearance 
and can be inserted with jets at any 
angle. Supply air pressure from 40 to 
100 psi. Indicator has jeweled bearings. 
—Federal Products Corp., 1144 Eddy 
St., Providence 1, R. I. 

Mention No. 206 when filling out card. 


Barrel Filling Meter 


New 60-gpm. barrel filling meter 
measures repeat quantities from 25 to 
79 gal. by 1-gal. increments. Different 
quantity settings are obtained by 
changing one gear. A totalizing counter 
registers total through-put; a_ reset 
counter indicates number of containers 
filled. Meter control valve has variable 
deceleration in shut-off speed to pre- 
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: A Overlapping Contacts 
Direct Reading pping Contac 


Just turn the switch to the desired ithe ae 
crevit and read the temperature another, the new circuit is made before 


directly—no balancing operations the old is broken . . . the meter circ 
or conversion charts, Large 6” scale is never opened during switching, thus 


face is easily and quickly read. eliminating the possibility of damage 
Knife edge pointer and mirror eliminate due to excessive and wild pointer swing. 


parallax errors. Single or double 
scale ranges available. Illinois Testing 
Laboratories, Inc., Rm. 518, 
420 N. La Salle St., Chicago 10, Illinois 


_ nen portability with pre- 
cision laboratory performance, Alnor Portable Multi-Circuit 
Pyrometers make possible accurate temperature measure- 
ment at a multiplicity of points in rapid succession. Type 
1200 Pyrometer is particularly valuable in reading tem- 
perature rise of various portions of an electrically operated 
device or repetitive tests on a production run of closely 
controlled units. 

Featuring modern design and rugged construction through- 
out, Alnor Pyrometers have precision-built double air gap 
movements of exceptionally high internal resistance .. . 
famous Alnico magnets .. . the finest in sapphire bearings 
and hardened steel pivots. Ask your Alnor representative 
for complete details and prices on these accurate and reli- 
able instruments. 


ILLINOIS TESTING LABORATORIES, INC. 


j 


PRECISION INSTRUMENTS FOR EVERY INDUSTRY 


When switching from one circuit to 


Constant Millivolt Characteristics 


over a wide range of ambient temperatures 
are assured by a high manganin to copper 
ratio plus a series negative temperature 
coefficient resistor. Automatic cold end 
compensator adjusts for changes in 
ambient temperature during a test. 


Low Contact Resistance 


The selector switch is of heavy duty construction 
designed for a low and constant value of contact 
resistance . . . of prime importance when high accuracy 
is required. Multi-point switch is housed in 

separate compartment in the case which 

also contains a high grade mercury in 

glass thermometer. 











portable multi-circuit 
Pyrometer 
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Type 1200 precision-built, self-con- 
tained, portable that gives instant, 
accurate readings of temperatures 
at a number of points in rapid suc- 
cession. Available with 8 or 17 cir- 
cuits. Scale ranges from 0-300° to 
0-3000° F. and their centigrade 
equivalents. 


owen Type 1000 Portable Resistance Ther- 
mometer with 8 circuit switch for 
low temperature service. Available 
in a variety of ranges between 
—100° F. and +400° F. A span as 
small as 50° F. can be supplied. 






Illinois Testing Laboratories, Inc. 
Room 518, 420 N. La Salle St., Chicago 10, Ill. 


(CD Send Bulletin. (1) Have an Alnor representative call. 
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INDUSTRIAL 
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AND 


LINEAR TIME BASE 


BY WATERMAN 


MODEL S-11-A 
W’ x 5" x 7” 
8, Ibs. 





5 ibs. 
Wn’ x 5” x3" 
MODEL S-21-A 


Recognition of the unusual versatility 
and application of the portable Model 
$-11-A Industrial POCKETSCOPE has 
rocketed since its introduction to the 
industry. Now Model S-21-A Linear 
Time Base, a completely independent 
and self powered instrument expands 
the utility of Model S-11-A to a point 
previously unrealized. Aithough phys- 
ically constructed to mount directly 
beneath Model S-11-A, this linear time 
base is designed to operate success- 
fully with most of the presently avail- 
able oscilloscopes. 


Model S-11-A POCKETSCOPE 


Vertical and horizontal channels: O.lv rms/inch with 





response within —2DB from DC to 200KC. Repetitive | 


time base continuously variable from 3cps to S5OKC 
with + sync. 
Model S-21-A Linear Time Base 


Linearized periodic or trigger sweep from Yacps to 
50KC. Output 20v peck with DC coupling. Positive or 
negative blanking signals of 100v peak. Positive and 
negative sync. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE 


WATERMAN PRODUCTS INCLUDE: 


$-10-B GENERAL POCKETSCOPE 
$-14-A HI-GAIN POCKETSCOPE 
$-14-B WIDE-BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 


Also RAKSCOPES, LINEAR 
AMPLIFIERS, RAYONIC® TUBES 
and other equipment 


Po Mee 
AW PRODUCTS 
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ne 


vent foaming over; adjustment for dif- 
ferent products is made on slow-closing 
cam. Non-drip nozzle supplied has light 
back-pressure valve which retains prod- 
uct in hose; automatic temperature 
compensator is optional accessory.— 
Meter Div., A. O. Smith Corp., 5715 
Smithway St., Los Angeles 22, Calif. 
Mention No. 207 when filling out card. 





Magnetic-coupling 
Dynamometer 


New “Model 11A” dynamometer 
measures torque developed by prime 
movers from 0.5 to 10 hp. and is cali- 
brated from 1500 to 6000 rpm. Torque 
is obtained by referring dial ‘reading to 





chart; speed is given directly. Instru- 
ment consists of 2 concentric cylinders 
coupled by a variable magnetic field 
through iron particles. Inner member 
is restrained by calibrated’ springs 
whose movement provides indication of 
applied torque. Over-all dimensions 
11 x il x 12 in.; weight 130 lbs.—Avion 
Instrument Corp., 121 E. 24th St., New 
York 10, N. Y. 
Mention No. 208 when filling out card. 


Portable Recording 
Tachometer 

New improved “Model G12” 

held recording tachometer has five 

ranges from 50 to 12,000 rpm. Chart 

drive and timing mechanism are hand 


hand- 





wound; paper speeds are 0.25 and 0.5 
in. per sec. Chart is 2.75 in. wide. Rub- 
ber-tired wheel is used to read fpm. 
Accuracy is 0.5 percent at any reading. 
—O. Zernickow Co., 15 Park Row, New 
York 7%, N. Y. 

Mention No. 209 when filling out card. 


Metallographic Microscope 


New “Model MeF Reichert” metal- 
lurgical microscope has a built-in cam- 
era and magnification from 4.5 to 
2200. Ordinary or polarized light 
can provide bright- or dark-ground il- 


$22 


lumination, with instantaneous change- 
over. Specimen is automatically aligned 
perpendicular to optical axis; it can 
be observed in eyepiece until photo- 
graph is taken. Accessories available 
include micro-hardness_ tester, and 
means for projection and drawing.— 
Wm. J. Hacker & Co., 82 Beaver St., 
New York 5, N. Y 
Mention No. 210 when filling out card. 





Two-pen Recorder 


New “Speedomax” recorder houses 
two instrument systems in one case; 
pens operate overlapped or side-by-side. 


UU 








Any of maker’s usual primary elements 
can be used; full-scale pen travel can 
be 1, 2, or 3 sec. One record is in black 
second in red.—Leeds & Northrup Co., 
4934 Stenton Ave., Philadelphia 44, Pa. 
Mention No. 211 when filling out card. 


Combustible Gas Indicator 

New “Sniffer” combustible gas indi- 
cator for marine applications consists 
of detector, control box and indicator. 
Detector mounts in space to be moni- 
tored; has heavy monel metal screen. 
Water-proof control box has interlocks 
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With ordinary meters, high differential pres- 
sures present serious difficulties—but not with 
the Hagan Ring Balance Meter. 

Hagan meters for differentials up to 420 
inches of water require exactly the same size 
case as low-differential meters. There is no 
everything is inside 








drop leg, no U tube 
the case. 

With both high-differential and low-differ- 
ential Hagan Ring Balance Meters, checking 


and calibration are done by the same simple 











nts 
- method, using a set of check weights which 
ack ° . Wr 
ae are furnished with the meter. The water col- 
Pa. umn method, which is especially cumbersome 
. when high differentials are involved, is un- 
necessary, and it offers no routine advantages ; 
or over the check weight method. 
idi- 
ists » 
tor. if 
yni- Hagan Corporation 
en. : . : ’ cee 
cks For full information on Hagan Ring Balance Hagan Building s 


ee , >i i veer 
Meters, fill in the coupon below or write to Pittsburgh 30, Pennsylvania 


2 e! i age i i ul - y . . . 
Hagan Corporation, Hagan Building, Pittsburgh Please send me further information on Hagan Ring Bal- 
aN. Danncclvarts A : : 
30, Pennsylvania. ance Meters. I am particularly interested in........... 





» 
il NAME 


HAGAN CORPORATION veal 


RING BALANCE FLOW AND PRESSURE INSTRUMENTS STREET AND NUMBER 
THRUSTORQ FORCE MEASURING DEVICES _— sane wea 
BOJLER COMBUSTION CONTROL SYSTEMS 1-2 
METALLURGICAL FURNACE CONTROL SYSTEMS 
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so engine cannot start until instrument 
is activated. Indicator is hermetically 
sealed for flush mounting.—Johnson- 
Williams, Ltd., 2613 Third St., Palo 
Alto, Calif. 


Mention No. 212 when filling out card. 








Combustible Gas Indicator 


New “Type EP-200” explosion-resist- 
ant combustible gas indicator for Class 
I, Group D atmospheres operates on 
Wheatstone bridge circuit with plati- 





sweep 
wide-b, 
row-ba 
25, 35, 
switch 
into i 
less th 
Co., 14 

Ment 


1 
Re. western Electric Mute = _ ie fins GRAPH 


business has been purchased by us, and we will continue the manufacture 


and distribution of this equipment and provide service under the Hi 
1 
warranties on all MIRRAGRAPH systems now in the field. In addition, . 





we are in a position to undertake the development of special systems New 
; ware ' ; : a dire 

and devices for use in instrumentation under a patent licensing oN ee 
. : : strain- 

arrangement with Western Electric Company, Incorporated. num measuring elements. Neoprene aevias 
suction hose with plastic probe is used. and a 

Over-all dimensions 3.5 in. diam. by output 

6.5 in. high; weight 6 lbs.—Lor-Ann fied by 

Instrument Co., 58 Montgomery St., cuit. | 

o Jersey City 2, N. J. driver 


Mention No. 213 when filling out card. 





Mobile Infrared 
Spectrometer 


lechno Instrument Company New “Model 12-C” infrared spectrom- 


eter cabinet is caster-mounted; unit 
measures 54x 46x 30 in. and requires 








6666 LEXINGTON AVENUE 





LOS ANGELES 38, CALIFORNIA only water and electricity for operation. 
A protective door over controls folds 
price ntconiniga down to form workshelf; storage space 


JLADSTONE 3304 













































Input 

is 2000 

cps. si 

deflecti 

if enti 

proper 

wave i 

At ree 

peak, : 

zero t¢ 

for ad 

balane 

is provided below for accessories. Re- heated 

WHEATSTONE Corundum FA-90 Tubes duced recording time of a complete sensiti 
spectrum is obtained by automatic speed black 1 

These vitrified porcelain protecting -m change programming on new wave- ard pi 
tubes are strong and impervious PP ll length drive. Densitometer attachment Over-a 
. wit? reads directly in absorbance or trans- weight 

They protect platinum er mittance. Two-second L & N “Speedo- Dep’t., 
thermocouples to - max G” recorder included as standard Philad 
Their high Alumina equipment.—Perkin-Elmer Corp., Nor- ae 


3000° F. eT eS 
content results in a mullite- walk, Conn. 


porcelain of Super-refrac- 
toriness. Wheatstone tubes are 


Mention No. 214 when filling out card. 





recognized as industry's Standard. Wide-band Sweep Marker 
Write for Bulletin F3A New “‘Rada-Sweep” marker produces New 
re WHEATSTONE ; > constant-amplitude FM signal for de- Switch- 
Corporation e FACTORY termining frequency response of radar 1000, 
2436 Reading Road Cincinnati 2, Ohio © FOSTER, KY. IF amplifiers. Center frequency of ances | 
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sweep may be switched to 30 or 60 Mce.; 
wide-band sweep width is 20 Mce.; nar- 
row-band width is 3Mc. Instrument has 
pulse-type crystal-positioned markers at 
25, 35, 55 and 65 Me.; each marker is 
switch controlled. Output is up to 0.5 v. 
into 70 ohms; AM while sweeping is 
less than 0.1 db per Me.—Kay Electric 
Co., 14 Maple Ave., Pine Brook, N. J. 
Mention No. 215 when filling out card. 


High-speed Inkless Strain 
Recorder 


New “Baldwin-Sanborn” recorder is 
a direct-writing inkless VTVM _ con- 
sisting of a modulated-carrier type a-c. 
strain-gage amplifier, a D’Arsonval 
moving-coil recording galvanometer, 
and a paper drive mechanism. Bridge 
output is amplified at 2500 cps. recti- 
fied by a phase-sensitive detector cir- 
cuit. Resulting d.c. is applied to a 
driver amplifier that operates recorder. 





Input impedance of carrier amplifier 
is 2000 ohms and a 100-microvolt 2500- 
cps. signal applied to input produces 
deflection of 1 cm. at recorder or 30 v. 
if entire system is terminated in its 
proper load. Response time for square- 
wave input is approximately 0.007 sec. 
At recording levels of 10 mm. peak-to- 
peak, frequency response is flat from 
zero to 40 cps. Controls are provided 
for adjusting resistive and capacitive 
balance of bridge. Writing arm has 
heated stylus which wipes across heat- 
sensitive record paper producing a 
black line on white background. Stand- 
ard paper speed is 25 mm. per sec. 
Over-all dimensions 17 x 11.75 x 9.5 in.; 
weight 32.5 lb.—Testing Hquipment 
Dep't., Baldwin Locomotive Works, 
Philadelphia 42, Penna. 
Mention No. 216 when filling out card. 


Dynamic Condenser 
Electrometer 
New “Model 361-20” electrometer has 
Switch-selected ranges of 0 to 10, 100, 
1000, mv. d.c. Standard input resist- 
ances up to 100,000 megohms are pro- 








What they sayf 





“We use your Helicoid Gages in very severe pulsation 
work and have found them very satisfactory.” 


“A Helicoid Gage operating under the worst conditions 
for 4,000 hours is still functioning, although other gages 
have been worn out.” 


‘.,. no other gage has come close to giving such long 
life and accuracy as the Helicoid.”’ 


“Your Helicoid Gages have been used in our plant for 
more than five years and have proved their superiority 
over competitive makes.” 


“We have six gas engines equipped with Helicoid Gages 
on the oiling system, subject to more vibration than any 
rack and pinion gage will stand.” 


All quotes are taken from letters in our files. 
Write today for HEtIcoIp GAGE catalog. 







—HELICOID 
Pe 


Only Helicoid Pressure Gages 
have the Helicoid Movement 


HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE COMPANY, INC. 


Bridgeport 2, Connecticut 
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Gaertner 
TOOLMAKER MICROSCOPE 


with 











ROTARY STAGE 





Especially useful for checking gear tooth spacings, laying out cam 
contours, and in performing numerous other precision measurements 
in either rectangular or polar coordinates. 


Stage Rotation .. .360° 
Direct reading to....... ..1 minute | 
Coordinate Range 4x2 inches 


Direct reading to 0.0001 inch 


’ 


Write for Bulletin 147-14 


THE GAERTNER SCIENTIFIC CORP. | 
1211 WRIGHTWOOD AVE., CHICAGO 14, ILL., U. S. A. | 





NEW AIR METE 


FOR HIGH-ACCURACY AIR VELOCITY MEASUREMENTS 


Read directly from the palm of your 
hand, Hastings Air Meter registers 
ranges from 5 to 6,000 fpm . 
weighs only 24 ounces. Powered by 
110 volt or portable supply. 

Write for Bulletin I-10 










HASTINGS INSTRUMENT CO., INC. 


ff.) = 


Pio. BOX 1275 HAMPTON, VIRGINIA 
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vided for micro-current measurements. 
Indicator pointer travels full scale in 1 
sec. Dynamic condenser converts input 
to proportional a-c. signal which is 
amplified, converted to d.c., and shown 
on indicator. High impedance surfaces 
are gold plated; polarity and range 
switch make possible use of conven- 
tional recorders. Amplifier case size is 
7 x 17 x 10 in.; operates from 115 v., 
60 eps.—Loudon Instruments, Inc., 5644 
Lake Park Ave., Chicago 37, Ill. 
Mention No. 217 when filling out card. 





Portable Multi-range 
Indicator 


New “Model 666-RL” indicator reads 
alternating and direct voltage from 0 
to 5000 at 1000 ohm per v. d.c. to 10 





amp. and resistance to 3 megohms in 
four ranges. 3-in. indicator used has 
black and red markings on a white 
background. Selector switch is molded 
plastic.—Triplett Electrical Instrument 
Co., Bluffton, Ohio. 


Mention No. 218 when filling out card. 





Vibration and Noise 
Analyzer 


, 


New “Vibralyzer” provides Fourier 
analysis of signals from 5 to 4400 eps. 
by direct-writing process. Instrument 
records amplitude vs. frequency vs. 





time or amplitude vs. frequency at speci- 


fied times. Latter has switch-selected 
amplitude responses linear in either 
db or voltage. Frequency markers are 
available for calibration of records. 
Unit operates on 115 v. 60-cps. line.— 
Kay Electric Co., Pine Brook, N. J. 
Mention No. 219 when filling out card. 
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Thermocouple Vacuum 
Gage 


New thermocouple vacuum gage is 
calibrated 0 to 1000 microns Hg. Nickel- 
plated gage element containing noble- 
thermopile 


meta! has 0.125 in. pipe 





® 


thread. Switching attachment connects 
five primary elements to _ indicator; 
length of connecting cable does not af- 
fect calibration.—Hastings Instrument 
Co., Super Highway at Pine Ave., 
Hampton, Va. 

Mention No. 220 when filling out card. 





Vacuum-tube Electrometer 


New “Model 200” electrometer has 
ranges of 2 and 20 v. d.c.; accuracy is 
2 percent of full scale. Input impedance 


eae. 





is over a billion megohms shunted by 
6 uuf. A 1-megohm series input resistor 
protects electrometer tube from over- 
voltage.—Keithley Instruments, 1507 
Warrensville Center Rd., Cleveland 21, 
Ohio. 

Mention No. 221 when filling out card. 





Electronic Temperature 
Regulator 


_ New electronic temperature regulator 
is used in aircraft cabin application. 
Instrument combines signals from mix- 
ing duct, cabin, and outside air to con- 
trol valve in warm-air by-pass. Signals 
from duct and outside air are propor- 
tional to rate of temperature change. 
Over-all size of regulator 6.25x5x 
4.75 in., weight 4.5 lbs.—AiResearch 
Mfg. Co., Div. of Garrett Corp., 9851- 
he Sepulveda Blvd., Los Angeles 45, 
auf. 


Mention No. 222 when filling out card. 





D-c. Power Supply 


New high-voltage unit is filtered 
4500-v. _r-f. d-c. power supply com- 





INCREASED GETTER CAPACITY: 
TRIPLE MICA SUSPENSION 









) 


INSULATOR 
CAP 














SOLID ALUMINUM OXIDE 
HEATER INSULATOR ME- 
CHANICALLY SEPARATES 
HEATER FROM CATHODE 
TO ELIMINATE SHORTS = 


ARC-RESISTANT MELAMINE BASE 
| WITH INTER-PIN BARRIERS 


| COMPOUND FILLED BASE 





{ 

| We are not in the standard vacuum 
|tube business, but we are in the busi- 
'ness of developing and manufactur- 
|ing a reliable line of special purpose 
| electron tubes —tubes that will serve 
'and meet the stiff and varied oper- 
| ational requirements of aviation, ord- 
|mance, marine and other fields of 
| modern industry. Typical of these are 
| receiving type tubes such as Beam- 
Power Amplifiers, R-F Pentodes, 
Twin Triodes, and the Full-Wave Rec- 
tifiers illustrated above and described 















RECHEER TUBES 


RUGGEDIZED BY 


ECLIPSE-PIONEER 


FOR ADDED RELIABILITY 





METAL GROMMET MICA 
REENFORCEMENTS 
F Somes PILLAR SUPPORTS 


PILLAR 
SUPPORTS 










PILLAR i INCREASED 
suPPORTS“ SPACING 











INCREASED CATHODE TO 
PLATE SPACING REDUCES 
POSSIBILITY OF ARCING 
BETWEEN THE TWO 
ELEMENTS 


RUGGED PLATE DESIGN PROVIDES 
INCREASED MECHANICAL STRENGTH 


DOUBLE-WELDED CONNECTIONS 





below. All of these tubes are ex- 
hausted on a_ special automatic 
exhausting machine capable of extra 
high evacuation, and are aged 
under full operating and vibration 
conditions for a period of 50 hours. 
In addition to the tubes described 
above, Eclipse-Pioneer also manu- 
factures special purpose tubes in the 
following categories: gas-filled con- 
trol tubes, Klystron tubes, spark 
gaps, temperature tubes and voltage 
regulator tubes. 


Loox For THE PIONEER mark oF quatity 
REG, U.S. PAT. OFF. 


Electrical Characteristics of E-P Full-Wave Rectifier Tubes 








1375 v. (max.) 
270 ma. (max.) 


Peak Inverse Voltage. . . 
Peak Plate Current (per plate) 


D-C Heater-Cathode Potential 450 v. (max.) 
Cathode Heating Time 1 min. 
Total Effective Plate Supply 

Impedance ....... 150 ohms (min.) 








TUBE TYPE R.M.A. 5838 R.M.A,. 5839 R.M.A. 5852 R.M.A. 5993 
Heater Voltage. .. 2... 12 volts 26.5 volts 6.3 volts 6.3 volts 
Heater Current... .... 0.6 amps. 0.285 amps. 1.2 amps. 0.80 amps. 





1375 v. (max.) 

270 ma. (max.) 

450 v. (max.) 
1 min. 


1375 v. (max.) 

270 ma. (max.) 

450 v. (max.) 
1 min. 


1250 v. (max.), 
230 ma. (max.5 
400 v. (max.) 
45 sec. 


150 ohms (min.) | 150 ohms (min.)} 150 ohms (min.) 

















Other E-P precision components for servo mechanism and computing equipment: 
Synchros e Servo motors and systems e rate generators ¢ gyros e¢ stabilization” - 
equipment e turbine power supplies and remote i 





dicating-t itting systems. 


For detailed information, write to Dept. A 


ECLIPSE-PIONEER DIVISION of =>, 


TETERBORO, NEW JERSEY 
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N.Y. 


y 


AVIATION CORPORATION 
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42” butterfly valve with oil-operated 
cylinder and counterweight for 200°F 
service. 






y 30°’ butterfly 
valve for 60 p.s.i. 
pressure, with 
Limitorque motor 
control and auxil- 
iary handwheel, 
position indicat- 
ing lights and 
| push button. 



















6T-4 


PRECISION 
FREQUENCY 





STROBOSCOPIC 
METER 


ROCKWELL 
AUTOMATIC 
BUTTERFLY 

VALVES 


Provide Automatic Flow 
Control and Quick Shut-Off 
of Air, Gases, Steam, Liquids, 
Semi-Solids. 


A complete line of Rockwell Valves of 
any metal or rubber-lined; in pipe size to 
72” and larger; with any type of automatic 
control and with auxiliary manual con- 
trol, if desired. 

We also manufacture manually controlled 
butterfly valves and slide valves in all 
sizes, metals and types for pressures to 
100 p.s.i. 

Write for Valve Catalog and ask to be put 
on our mailing list to receive “Rockwell 
Valvings” monthly. 


264 Eliot St. Fairfield, Conn. 









MEASURES FREQUENCIES 


INSTANTLY 






BY PURELY VISUAL MEANS! 


for FREE Literature 


| 

| 

| 

Cc. G. CONN LTD., Elkhart, ind. | 

Dept. 211 | 

Send me descriptive literature on | 

NEW 6T-4 STROBOCONN. | 

| 

Name..... | 

| 

Address... | 

| 

City..... Strate | 
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FILL IN AND MAIL TODAY 






Measures transient vibrations. 
Finds precise speed of rotating 
mechanical parts. Calibrates or 
checks precision tachometers, os- 
cillators, other pulse generators. 
Used in place of bridge meth- 
ods in measuring inductance and 
capacitance. Many other uses. 


MAIL COUPON FOR COMPLETE 


INFORMATION... SEE 
STROBOCONN CAN HELP 


HOW 
you! 














pletely enclosed, measures 5.6 x 4.5x5 
in. Voltages to 7500 v. at 1 ma. obtain- 
able.—Spellman Television Corp., %029 
Webster Ave., New York 67, N. Y. 


Mention No. 223 when filling out card. 





Metal-enclosed 
D-c. Power Supplies 
New line of metal-enclosed d-c. power 
supplies utilizing selenium _ rectifier 
stacks can be furnished to supply 125 
or 250 v. d.c. from a 208-, 230-, or 460- 





| v. three-phase, 60 cps. supply. Convec- 


tion-cooled units available in ratings to 
5 kw.; fan-cooled are rated to 25 kw. 
Equipment has built-in contactors with 


| thermal overload protection and fused 


disconnect switches.—Lighting & Recti- 
fier Div., General Electric Co., Sche- 
nectady 5, N.Y. 

Mention No. 224 when filling out card. 


FM Communications 
Monitor 


New “Model 337A-B” FM communi- 
cations monitor uses same pulse-counter 
circuits employed in maker’s monitors 
for commercial broadcasters. Instru- 
ment gives continuous indication of 
frequency and modulation swing and 
monitors by transmitter output sam- 
pling or antenna pickup. It includes 
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peak modulation indicator and audio 
out-put for aural monitoring; frequen- 
cies trom 30 to 175 Me. may be moni- 
tored. “Model 337A” operates on one 
erystal-controlled frequency and “Model 
3387B” operates on any of four fre- 
quencies.— Hewlett-Packard Co., 395 
Page Mill Road, Palo Alto, Calif. 
Mention No. 225 when filling out card. 





A-f. Wattmeter 


New “Model OP-962” a-f. wattmeter 
covers range from 0.1 milliwatt to 100 
watts. Instrument has 40. switch-se- 
lected impedances from 2.5 to 20,000 





Pk as 
ohms with 2 percent accuracy from 30 
cps. to 10 ke. Binding posts are pro- 
vided for input, external amplifier, and 
CRO. Over-all size 15.25 x 8.5 x 8.5 in.; 
weight 20.5 lbs.—Daven Co., 191 Cen- 
tral Ave., Newark 4, N. J. 

Mention No. 226 when filling out card. 


Linear Amplifier for 
Proportional Counting 
New “Model 1061” linear amplifier 
is connected between detector and 
scaler; provides sensitivity adjustment 
calibrated in mv. with choice of 1 or 





10 mv. max. Instrument has flat fre- 
quency response from 10 ke. to 1.5 Me. 
Oscilloscope terminals are located on 
front panel; scaler may operate in- 
dependently without disconnecting 
from amplifier.—Nuclear Instrument & 
Chemical Corp., 223 W. Erie St., Chi- 
cago 10, Tl. 
Mention No. 227 when filling out card. 


Microvolt Signal Generator 


New “Model 292X” signal generator 
has seven ranges from 125 ke. to 
220 Me. Instrument provides controlled 
output from 0.2 microvolt to 0.1 v. 
through a 10:1 attenuator. It may also 


Was your house cold this morning? Nearly 
everyone lowers the thermostat at night, both for 
fuel economy and more comfortable sleep—but 
why get up in the cold, re-set the thermostat, then 
wait for higher temperatures to chase away 
the chills? 

Sleep in every morning . .. let Chace 
Thermostatic Bimetal chase night-time chill... 
and get up in a warm, comfortable house! Chace 
Bimetal actuates this General Controls Timer 
Thermostat, which lets you do just that. Set one 
dial for desired day-time temperature, the other 
lower, for night. Then set the timer at bedtime 
like an alarm clock; the control takes over, 
maintains economical lower temperature all night 
.+. gives you a “warm reception” in the morning. 

The dependable response of Chace Thermo- 
static Bimetal means satisfied users for this ther- 
mostat—and for your product, too! Chace Bimetal 
is furnished in strips, coils, fabricated elements 
or sub-assemblies. We offer complete engineer- 
ing, laboratory and production facilities and the 
counsel of Chace Application Engineers. Take 
advantage of these services when you have prob- 
lems involving temperature-responsive devices. 


W. M. CHACE CO. 


1609 BEARD AVE., DETROIT 9, MICH. 
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T-70X Timer Thermostat 

No. 48—Product of 
General Controls Company 
Glendale, California 
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PRICES 
Model 110 Chronoscope.... 
Model 211 Input Adapter . . . 





From 10 Microseconds to 3 Seconds 


The time interval between any two 
components in electrical, mechanical or 
electro-mechanical systems can now be 
measured, simply and accurately, with 
American Chronoscope Equipment. 


The Model 211 Input Adapter used in- 


conjunction with the Model 110 Ameri- 
can Chronoscope separates the functions 
of STARTING and STOPPING the meas- 
urement of time. Simply connect the 
Start and Stop leads from the adapter to 
any two components of a system under 
test. Only the first complete elapsed 
time interval presented is accepted. This 
reading is indicated on the Chronoscope 
and remains fixed until reset. 


For complete description on these 
and other Chronoscopes and 
Adapters, write for Bulletin 200B 


Cea e088 AT.) " 
_ MOUNT VERNON 


: 











for complete oscillegraphic recording 





record rapidly chang 





g ph 


A few of the newest features are: 
QUICK-CHANGE TRANSMISSION — 16 record speeds over range of 120:1 
FULL RESILIENT MOUNTING makes possible use of super-sensitive galva- 


nometers 


CHART TRAVEL INDICATOR provides continuous indication of chart motion 
NEW GALVANOMETER STAGE takes ail Hathaway galvanometers for 
recording milliamperes, microamperes, and watts. 

NEW RECORD-LENGTH CONTROL and NUMBERING SYSTEM for long, 


trouble-free service 


All the other valuable features characteristic of the S-8 are retained. 
Investigate the NEW Type S-8 and its 170 types of galvanometers. 


Write for Bulletin 2B 1-H 


The $-8 Oscillograph, long the standard of oscillographic recording, has 
been improved to meet the expanding demands of modern research. The 
NEW Type S-8 Oscillograph has all the inherent capabilities you need to 
a such as vibration and dynamic strain. 








INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET DENVER 10, COLORADO 
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be externally modulated from 15 eps, 
to 10 ke. AF output is 0 to 2 v. at 400 
cps. Features include temperature 
compensation, excellent frequency regu- 
lation with output, and minimum leak- 
age.—Hickock Electrical Instrument 
Co., 10519 Dupont Ave., Cleveland 8, 


Mention No. 228 when filling out card. 





Calibrated Voltage-dividing 
Rheostat 





New “Selectohm” is a linear v-d.r. 
calibrated 0 to 100,000 ohm; rated at 
25 watts—Chicago Industrial Instru- 
ment Co., 536 W. Elm St., Chicago 10. 


Mention No. 229 when filling out card. 





Replaceable Power Resistor 


New type “H30N Greenohm” resistor 
has insulated safety knob and Edison 





Unit is available in wide 
resistances.— 
Dover, N. H. 


screw base. 
range of wattages and 
Clarostat Mfg. Co., Inc., 

Mention No. 230 when filling out card. 


Molded Terminals 


New “Series 1400” insulated minia- 
ture terminal lugs stand-offs and feed- 
throughs are molded with either 
melamine or phenolic to JAN P14 speci- 
fications. Molded construction said to 


| eliminate internal air gaps which act 


| as moisture traps.—U. 
| Co., 


S. Engineering 
521 Commercial St., Glendale 3, 
Calif. 


Mention No. 231 when filling out card. 
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High-voltage Selenium 


Rectifier Cartridge DON'T LET U.S.A. F. Ty 


New line of selenium rectifiers has 
0.125 to 1 in. diameter; units operate 


ratings up to 25 kv. per cartridge with 
tye in tiie Wikia ac cae GET You pre Bill eee TAKE (T 70 TENNEY 
{ 





currents up to 75 ma. Sizes range from 
sealed metal assemblies with pigtail 
400 leads.—International Rectifier Corp., 

6809 S. Victoria Ave., Los Angeles 43, 


ture veg 

gu. Calif. 

egk- Mention No. 232 when filling out card. 

nent on 

1 8, ‘ ‘i 
Crystalline and Plastic 

d, 


Phosphors 


n New crystalline and plastic phos- 

phors are designed for use in scintilla- 
tion detectors. Crystals of “Stilbene”’ 
up to 1 in. in any dimension are readily 




















This Tenney Variable Tempera- 


ture—Humidity Chamber was built 





- to run high temperature, humid- 
tru ity, and mildew-resistance tests 
™ (Groups 10, 30 & 70) on aircraft 
m electronic equipment’ and com- 
or ponents under 41065-B. Specified 
stor machined; material is non-volatile hu- range from 60° F. to 200° F. 
son midity-stable and gives uniform re- | Relative humidity 20% to 95%, 


sponse. New luminescent plastic (illus- : . 
trated) can be molded larger than 1 in. Sizes from 3 cu. ft. to walk-in 
into many: shapes. Pulses from plastic rooms. 

are weaker than from “Stilbene” but 
both have same pulse duration.— 
Tracerlab Ine., 130 High St., Boston 
10, Mass. 


Mention No. 233 when ne out card. 





( Miniature ‘Mitictanes 





Detector, Charger & Reader ; } ; 
| “Take it to Tenney” is sound advice 


a Hage . chamber eg 0.5 when you’re faced with a testing problem. For 
in. diameter, 1.56 in. long; unit is her- years Tenney has specialized in designing and build- 


metically seale ri a flexible dia- : . : : : : 
‘ide ni ‘ Po pes Be ta Riaas is 0 a ing testing equipment to meet the strictest specifications for sand and 





sa 100 roentgen with total exposure of | dust, low temperature, high altitude, liquid immersion, salt spray and 
H. ns | many other conditions. Absolutely accurate simulation of changing 
e a | conditions can be obtained through the use of Tenney program control 
: apparatus. Tenney engineers are always available for consultation and 
help. You need only ask for their assistance. For literature and further 
information write Tenney Engineering, Inc., Dept. B, 26 Avenue B, Newark 
, 5, New Jersey. 
11a- } 
ed- | 
her 
eci- Z 
: T 
act 
ng 
3, 
Engineers and Manufacturers of Automatic Tempera- 





| ® 7183 ture, Humidity and Pressure Control Equipment 
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now you can assemble your own 


Toe Mhasuing 
systems 


for use in applications such as dyna- 
mometers, industrial weighing, strength 
of structures, jet engine thrust, and 
countless other force-measuring prob- 
lems. Illustrated is the famous Emery 
Hydraulic Cell, basic unit of Emery 
hydraulic testing and force-measuring 
systems. 


All components are simply construct- 
ed, but rugged; they are compact in 
size, extremely sensitive and accu- 
rate. Easy to mount and use. Send 
for complete literature and prices; 
also our engineers will be pleased to 
discuss your force-measurement prob- 
lems and make recommendations. 


“Skaeamest 
STAMFORD, CONN 


@ High resistance plus high accuracy 
ee {RE- D ° in miniature types 
Precision “\ou"” Resistors 


SERIES “E” 


@ Standard temperature coefficient 
0.000025 per degree C 


@ Noninductive windings on ceramic bobbins 


@ Nine types from 0.25 watt to 1 watt. 


Series “'E’’ HYCOR Precision Resistors are designed for use 
in applications requiring accuracy, stability and long life 
under conditions of extreme temperature variation plus 
moderately high humidity. For a slight additional cost 
they ore supplied ‘‘tropicalized’’ against extreme humidity 
and fungus growths. All types are noninductively woupd 
on nonhygroscopic bobbins with resistance wire having 
the lowest temperature coefficient ovailable 





Send for bulletin R 


Monufacturers of Toroid Inductors, Decade Inductor Instruments, 
Wove Filters, Resistive Networks, and Precision Resistors 


HYCOR COMPANY, INC. 


teddies 11423 VANOWEN STREET, NORTH HOLLYWOOD, CALIFORNIA 


SUnset 3-3860 


TANKOMETER (7s: 





FOR MEASURING TANK TN 
CONTENTS ANY DISTANCE AWAY 









SEND FOR 
BULLETIN 
945 















INSTRUMENT CO. 








N. J. 








470 GETTY AVENUE @ PATERSON, 
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10,000 r. New “Model L-40” charger 
and reader is used with “L-50” cham. 
ber; all parts are mounted with inter- 
connected sockets in solid conducting 
plastic chassis. Unit has no batteries, 
wires or soldered joints; one turn of 
knob gives full charge.—Landsverk 
Electrometer Co., Pippin Road, Cinein- 
nati 31, Ohio. 

Mention No. 234 when filling out card, 


Radioactivity Detector for 
Workers’ Hands and Feet 


New “Hand and Foot Checker” meas. 
ures extent of beta and gamma con- 
tamination on hands and feet of those 
engaged in handling radioactive mate- 





rials. Subject steps on foot platform 
and puts hands in hand pockets. G-M 
tubes transmit pulses through scalers 
to electromechanical registers propor- 
tional to number of beta-gamma rays 
striking each tube. Five registers pro- 
vide a count of palm and back of each 
hand, as well as feet.—Special Devices 
Div., Austin Co., 19 Rector St., New 
York 6, eg 
Mention No. 235 when filling out card. 





Low-range Dosimeter with 
Electrostatic Charger 
New low-range dosimeter clips into 
pocket; integrated exposure to gamma- 
and x-rays from 0 to 200 milliroentgen 
is read directly from microscope reticle. 





Unit is all plastic except quartz fiber 
and is hermetically sealed. Background 
leakage is less than 2 percent of full 
scale per day. Charger parts are 
mounted in solid block of conducting 
plastic; charges a dosimeter in 0.5 turn 
of knob.—Landsverk Electrometer Co., 
Pippin Road, Cincinnati 31, Ohio. 
Mention No. 236 when filling out card. 


A 


New a 
beakers 
takes all 





ml. Up t 
with 1 3 
ment us 
can be us 
Beckman 
dena, Ca 


Mention 


Labo 


New “] 
working 
maximun 





draws 10 
cps. The 
is sensiti 
Co., 3000 


Mention 


Qua 
_ New I 
light fre 
basal sec 
nated to 





harger 
cham- 

inter- 
‘ucting 
teries, 
irn of 
dsverk 
‘inein- 


card, 


for 
‘eet 


meas- 
4 con- 
those 
mate- 


33 


tform 

G-M 
calers 
‘opor- 

rays 
} pro- 
each 
P-VICES 


New 


urd, 
ith 


into 
mma- 
ntgen 
ticle. 


Automatic Titrator 


New automatic titrator accomodates 
beakers from 10-400 ml. capacity and 
takes all standard burettes down to 5 





ml. Up to 4 delivery units can be used 
with 1 amplifier-control unit. Instru- 
ment uses maker’s glass electrodes; 
can be used to measure pH and emf. 
Beckman Instruments, Inc., South Pasa- 
dena, Calif. 

Mention No. 237 when filling out card. 


Laboratory Core-baking 
Oven 


New “No. 3655” core-baking oven has 
working chamber 10 x 12 x 18 in.; 
maximum temperature is 550 F. Oven 





draws 1000 watts on 110 or 220 v. 60 
cps. Thermostatic temperature control 
is sensitive to 0.6 F.—Claud S. Gordon 
Co., 3000 S. Wallace St., Chicago 16, Ill. 
Mention No. 238 when filling out card. 


Quartz Monochromator 


_New monochromator passes white 
light from tungsten source through 
basal sections of optical quartz lami- 
nated to polaroid sheets. By synchron- 


935 , 






































Arterial Blood Pressure 









or Guided Missile Acceleration 























Consolidated ’s RECORDING SYSTEM E 


captures both for study and accurate analysts 


ITS GREAT VERSATILITY makes 
CEC’s new Recording Measurement 
SYSTEM E of particular importance 
in today’s expanding test and research 





Sf iY l 
programs. Its operation by inexperienced personnel is 
expedited by the highly simplified balancing-calibration 
procedures. 

Consisting of a 5-116 Recording Oscillograph and 
1-118 Carrier Amplifiers (9- or 14-trace) in any 4- 
channel multiple, SYSTEM E yields permanent records 
of phenomena up to 500 cycles per second. Even the 
most transient phenomenon may be recorded, meas- 
ured, analyzed, evaluated. 

SYSTEM E's wide range might well be the answer 
to your own instrumentation problems. A note to our 
Pasadena office will bring complete specifications. 


Ask for Bulletin CEC-1405-X1 


CONSOLIDATED ENGINEERING 
CORPORATION 


Analytical Instruments for Science and Industry 


PASADENA 4, CALIFORNIA 


620 NO. LAKE AVE. 
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PS-White cette ns 


ARE USED IN THIS 
SUPER-SENSITIVE ULTROHMETER 


An S.S. White 100 Megohm Resistor is used as the 
plate load resistor for the first tube in the D.C, 
amplifier in this instrument which measures very 
small V.C. currents and voltages over an extreme 
range of values. The manufacturer, Beckman 
Instruments Division of National Technical Labo- 
ratories, says of the S.S.White Resistor “it has 
been very satisfactory’—which checks with the 
experience of many other electronic equipment 
manufacturers who use S.S.White Resistors. 


Photo courtesy of National Technical Laboratories 





So Pasadena, Calif 





WRITE FOR BULLETIN 4906 
S.S. WHITE RESISTORS 
a ; 7 re si t “9 th ! ‘ ms 
inherent low noise level and 
good stability in al! imate 
HIGH VALUE RANGE 
10 to 10,000,000 MEGOHMS 


STANDARD RANGE 
1000 OHMS to 9 MEGOHMS 


It gives essential data about 
S.S.White Resistors including con- 
struction, characteristics, dimen- / 


sions, etc. Copy with price list on 





request. 











wm Li hiite moverarns onnrsson 


DENTAL Mrc.co. Qi 1, 10 East 40th St. 





NEW YORK 16, N. Y. 





GREEN <7" , 
ENGRAVER and WATER TESTS 
tee Electrical there si nothing like 


and Instrument Mfrs., Sales Pro- 


Sorten sod. advertisieb | MOKHEADING 


Fast, rugged, convenient and inexpensive. 
The Green Engraver is tops for low-cost per- 
formance zips out precision work on metal, GLASS COLOR STANDARDS 
plastics or wood cuts four lines of letters 
from 3/64” to 1” on curved or flat surfaces 
operates by tracing . makes anyone ° one ° 
an expert _ engraves panels, name plates, | Permanent reliability of Hellige Glass 
scales, dials, molds, lenses and instruments | Color Standards and accuracy of 
(Also widely used for routing, profiling, and 


three dimensional modeling.) Electric etching | Color comparison are exclusive 









attachment available features of Hellige Comparators. 
Special attachments and engineering service 
available for production work. | WRITE FOR NEW CATALOG No. 600-10 


FREE Fact-packed folder. Send for yours, 


GREEN INSTRUMENT co. fag a L LI G = 


383 Putnam Avenue 
INCORPORATED 


Cambridge, Mass. 
| 3718 NORTHERN BLVD., LONG ISLANDS CITY 1, N.Y. 
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ous rotation of quartz sections wave. 
length of transmitted light can be 
varied continuously through visible 
spectrum. Instrument produces an aver- 
age band width of 150 Angstrom units; 
light aperture is 1 in.—Cambridge 
Thermionic Corp., 466 Concord Ave., 
Cambridge 38, Mass. 


Mention No. 239 when filling out card, 


Small Electric Counter 

New small electric counter with roll- 
back reset is completely enclosed in a 
metal case with plastic window. Unit 
is actuated electrically from switch, 


] 
| 





relay or photo-electric unit. Furnished 
with 1, 2, 3 and 4 digits for 6, 12, 24, 
48 or 115 v., dc. or 60 eps.—Produe- 
tion Instrument Co., 702. W. Jackson 
Rivd., Chicago 6, Il. 

Mention No, 240 when filling out card. 


Heater for Opening 
Instrument Cases 


New application of maker’s “Calrod” 
heating unit is designed to unsolder 
hermetically-sealed aircraft instrument 





cases for maintenance away from fac- 
tory. Controlled heat is applied to joints 
by heater bent to shape of instrument 
container and mounted in heat-reflective 
frame.—General Electric Co., Schenec- 
tudy 5, N.Y. 


Mention No. 241 when filling out card. 


Portable Hardness Tester 


New “Model 1” portable tester has 
diamond and ball penetrators for hard- 
ness reading of rounds and flats up to 1 
in. Instrument reads in Rockwell A,B, 
and C seales. Anvils and penetrators 
are reversible for inside-wall testing 
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of tubes; soft alloys can be tested with 
large ball penetrators. Models available 
for samples up to 4 in.—Ames Pre- 
cision Machine Works, Waltham 54, 
Mass. 

Mention No. 242 when filling out card. 


Automatic Sorting Gage 


New “Model 144 B-12” automatic 
gage for sorting bushings measures 
over-all length. Pieces are separated 





into 2 acceptable and over-and-under 
lengths. Maker’s “Electricators” and 
power units are used.—Federal Prod- 
ucts Corp., 1144 Hddy St., Providence 
L &. 1 


Mention No. 243 when filling out card. 


Air-damped Vibration 
Isolators 


New “Series 6465” vibration isolators 
employ air damping; non-linear metal 
springs provide constant resonant fre- 


* 






an 


vat 


~ 
im NS 


quency over 2:1 load range. Load rat- 
ings are 0.1 to 3 lbs. per mount. Units 
are 1 in. diam., 1.03 in. high under load; 
weigh 0.25 oz.—Barry Corp., 720 Pleas- 
ant St., Watertown 72, Mass. 


Mention No. 244 when filling out card. 


Wire-coating Thickness 
Controller 


New “Model 493 B-80” controller 
uses maker’s “Electricator” gage to 
measure thickness of coating’ extruded 
on wires up to 1 in. diameter. Thick- 
ness is controlled by varying wire 





INDUSTRIAL 
| RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 


MODEL 
408 
OSCILLOGRAPH 





The Century Model 408 recording oscillograph was designed expressly for airborne and 
mobile operation. As with all Century products, this oscillograph incorporates the utmost in 
design and workmanship, along with improved features, yet it remains simple in its operaiion 
| and maintenance. 


FEATURES: Separate optical system for viewing before 
| Size: 20" long, 12%” wide, 8%” high. or during recording. 
Weight: 60 pounds. Glow tube timing system photographing .01 


second and .1 second lines. .01 second 
lines instantly removable by toggle switch 
for slower speeds. 


Number of Recording Channels: 6 to 50. 

Detachable daylight loading magazine ac- 

| commodating a roll of paper or film 
8” x 200’. 

| Friction roller type paper drive by governor 


controlled electric motor with separate mo- ‘ 
tor for takeup drive. Automatic record length control. 


Data numbering at beginning of record. 


Footage indicator showing amount of paper 
remaining in magazine. 


Trace identification. 


Paper speeds continuously and instantly var- 
iable without changing gears or sprockets. Remote control unit. 
| 


MODEL 
409 
OSCILLOGRAPH 





The Century Model 409 oscillograph has been designed for recording data where space and 
weight requirements are limited. This oscillograph has been tested to record faithfully while 
subjected to accelerations up to 20 G's. 


FEATURES: Detachable daylight loading magazine with 
Size: 5” x5” x11". a capacity of 3%” x 50’ paper or film. 
Weight: 11 pounds. 2 to 12 individual channels. 


Cast Aluminum case. Trace identification. 


Paper speeds variable 2” to 12” per second. Trace viewing. 


For Complete Information Write 1340 North Utica 


4 GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


1505 Race Street EXPORT OFFICE: 
Philadelphia, Pa. 149 Broadway, New York 
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MICROPOT 


PRECISION TEN-TURN POTENTIOMETER 


You get permanent accuracy be- 

© cause the resistance wire is locked 
in place. It is precision positioned 
and moulded integrally with the 
housing. 


2 You get permanently accurate set- 
tings, smooth action and low 
uniform torque provided by the 
stainless steel, precision ground, 
double thread lead screw guiding 
the moving contact. 


3. You get precise positioning of the 

© moving contact because of the 
two bearings supporting the rotor 
assembly. 


4 You get good rigid terminals be- 
“fe cause they are mouided integrally 
with the housing. 


5 Terminals soldered to ends of re- 

@ sistance el t Idi 
Entire resistance circuit is an inte- 
gral part of the housing. 


You get accurate setting and re- 
6. setting due to anti-backlash spring 
in contact guide. 





- You get a fine resolution because 
@ of the 4314” length of resistance 
wire in the spiral element. 


3 You get a resistance output directly 

7 jonal to shaft rotation with- 
in +0.1% of the total resistance. 
Every potentiometer is automatic- 
ally machine tested for linearity 
at 101 points. 






is ri oet 


SPECIAL CHECK LISTS 


@ LUMINESCENT 
@ BLACK & WHITE 


@ MADE TO YOUR SPECIFICATIONS 


PRECISION 
INSTRUMENT 


ERVICE 


WE REPAIR, OVERHAUL 
AND STANDARDIZE LABORATORY 
AND PORTABLE INSTRUMENTS 


Our iaboratory is equipped with new 
leeds & Northrup potentiometric stand- 
ardization equipment calibrated in 
terms of the Absolute units which 
were adopted internationally as 

of January 1,°1948. 


tandard Products(Ine) 


650 EAST GILBERT e WICHITA, KANSAS 
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LINEARITY 
Accuracy +0! 


Units for immediate shipment: 
1,000 to 30,000 ohm range. 


Special resistance values made to order. 


WRITE TODAY FOR 


ENGINEERING INFORMATION 


GIBBS DIVISION 


y THE GEORGE W. BORG CORPORATION 


DELAVAN*® WISCONSIN 











HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


e 
[llustrated 


bulletins 
free 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 2, N. Y. 














speed through extruder. Actual coated 
wire diameter is shown on dial-gage 
indicator.—Federal Products Corp., 
1144 Eddy St., Providence 1, R. I. 
Mention No. 245 when filling out card. 





Cylinder Speed-control 
Valves 
New “Flo-Set” speed-control valves 
for air, water or oil are rated to 250 
psi. and 250 F. Sizes available are 0.25, 
0.375, and 0.5 in. Inside construction 





948 


is not damaged if excessive torque is 
applied during installation. All metal 
parts are aluminum except for stain- 
less steel springs. Seals and poppets 
are molded synthetic—Hanna Engi- 
neering Works, 1765 Elston Ave., Chi- 
cago 22, Ill. 
Mention No. 246 when filling out card. 





Microscope Slide 
Field-finder 

New “Field Finder” for microscope 
slides consists of a slide with printed 
grid of 0.1 mm. graduations each mm. 
numbered or lettered. After desired 
field on slide is centered finder is sub- 
stituted for slide and coordinates at cen- 
ter of field are observed and recorded 
on slide. To locate field later procedure 
is reversed. Units are interchangeable. 
—Lovins Engineering Co., 8203 Cedar 
St., Silver Spring, Md. 

Mention No. 247 when filling out card. 





Glare-proof Coating 
New “VB 248” coating is a baking 
finish adherent to stainless steel, de- 
signed to reduce glare from polished 
surfaces. It is available in black and 
all colors, in gloss and semi-gloss fin- 
ish.—United Lacquer Mfg. Co., 1001 

W. Elizabeth Ave., Linden, N. J. 


Ment:on No. 248 when filling out card. 
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EDITORIAL Continued from page 153 


of brilliant later contributors outshines 
the early work of the formulator as 
modern Mazdas outshine the first car- 
bon-filament lamp. 

Fact No. 7 is that this is a free coun- 
try where everyone enjoys the right to 
define Instrumentation because this 
word has never been copyrighted. This 
right is enjoyed also by the founder and 
formulator—who now repeats that In- 
strumentation is a “horizontal” realm 
which includes Instrumentology as one 
of its specialized “vertical” provinces. 
This declaration, though accepted as a 
plain statement of fact in some circles, 
could be challenged as a mere opinion 
by Dr. Klopsteg. It should be sup- 
ported. But that would take too much 
reprinting of old stuff. We simply re- 
port that ever since we designed and 
built our first instrument in the winter 
of 1904-05 we’ve known lots of instru- 
ment makers and users in labs and 
plants—civilian and military—and that 
whereas industrial instrument appli- 
cation almost always followed instru- 
ment conception and design in the old 
days, the situation has’ gradually 
changed. See our March 1940 editorial 
on lab and plant instruments where 
we discussed what Dr. Klopsteg calls 
“the long road” AND what we called 
“short hops” and “return flights.” 
Today there are more and more of those 
return flights where practitioners of 
Instrumentation in industry lead and 
precede and teach practitioners of In- 
strumentology in laboratories. We as- 
sert that today Instrumentology grows 
faster as a segment of Instrumentation 
than it did when it was the know-how 
of the university or commercial instru- 
ment-maker. We opine that when in 
1941 the American Association for 
the Advancement of Science decided 
(at the suggestion of our Company’s 
President) to hold one-week summer 
conferences on “Instrumentation,” it 
considered this subject a science; and 
that its nine summer conferences have 
been devoted to science, not to what 
Dr. Klopsteg says that Instrumentation 
“clearly denotes.”” We opine that when 
the American Institute of Physics pub- 
lished its seope-map in 1944 and showed 
Instrumentation as the only horizontal 
area, it had in mind the science which 
Instrumentation had become. We opine 
that 90% of the professional scientists 
who know the facts will not think that 
any “error” is to be “corrected.”—-MFB 
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MICRODIAL 


TEN TURN-COUNTING DIAL 


Microdial is composed of two concen- 
trically mounted dials... one for 
counting increments of each turn and 
the other for counting turns. The in- 
cremental dial has 100 equal divisions 
and is attached rigidly to the shaft so 
there is no backlash. Thus the contact 
position is indicated to an indexed 
accuracy of 1 part in 1000. Rotation 
is continuous in either direction. There 
are no stops on the Microdial assembly. 


COMPACT... Microdial has same 
O.D. as Micropot . . . requires no more 
panel space. 


CLEAR READING... Forced fast- 
reading tests showed only 1/20th as 
many errors with Microdial open win- 
dow as with next most legible dial. 
Turn counter distinguishes between 0 
and 10 turn readings, and accelerates 
to avoid confusion on readings near 
integral turns. Precise readings are 
made from larger dial with maximum 
separation of graduations and wide 
angle visibility. 







REAR VIEW 
CONVENIENT. . . delivered com- 


pletely assembled with dials syn- 
chronized. Easily mounted in a few 
seconds. All dials may be locked. 


Microdial .. . turn-counting dial, primarily designed for 
use on Micropot ten turn linear potentiometers... use 
it on any multiturn device having ten turns or less. 








GIBBS DIVISION 


] THE GEORGE W. BORG CORPORATION 


Y DELAVAN 


+ WISCONSIN 












“HEAT INERTIA” 
IN PROBLEMS OF 
AUTOMATIC CONTROL 
OF TEMPERATURE 
By VICTOR BROIDA 
Stiff paper, 5% x 8% inches, 64 pages 


$1.00 POSTPAID 


Payment must accompany order 


The Instruments Publishing Co., Inc. 
921 Ridge Ave. Pittsburgh 12, Penna. 


























Now... Quality Wood Containers 


Custom-Buit to Your Order 


Production facilities enable Seth 
Thomas to construct quantity lots of 
fine wood cabinets, carrying cases, 
chests and other small wood containers. 
These can be specially designed and are 
custom-built of superior quality. 

FINE WORKMANSHIP. Seth Thomas crafts- 
men are experienced in fine cabinet 
work of all kinds. Construction may be 
of “built-up”? veneer or solid wood 
with corners of box-lock design as 


required for Government work. 
FINE FINISHING. Facilities are available 
for application of highest-quality 
lacquer, water-proofing or other finishes 
to meet your requirements. 

YOUR NEEDS CAREFULLY STUDIED. Write 
or wire at once. We’ll study your re- 
quirements and estimate promptly on 
jobs where priority may be applied if 
necessary. No obligation. Seth Thomas 
Clocks, Thomaston, Conn. 


SETH THOMAS 


DIVISION OF GENERAL TIME CORPORATION 








Time 
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NEW Coating Treatment § 
Gives You 


CLEAREST VISIBILITY 


over long period of time, 
with 


JERGUSON 
LCF NC] 3 






Another First’ 
for Jerguson 
that gives you 
areal plus 

value when 

you install 
Jerguson Gages 





can get Clearest Visibility 
a long period of time with 


yw 


over 
Jerguson Gages, for Jerguson is now 
coating all gage glasses with a new 
special compound that maintains im- 
proved visibility. 


Jerguson gage glasses are far supe- 
rior with this new treatment. They 
are far less subject to fouling 
through foreign matter adhering to 
the glass; and viscous liquids are 
largely prevented from hanging up, 
thus greatly improving the observa- 
tion of the true liquid level. You 
get the advantage of another “First” 
in a long series of advancements by 
Jerguson. 


Jerguson Gages are 

Easier to Service 

All gaskets are treated with a special 
compound which prevents adhesion 
to glass or metal under high pres- 
sure or high temperature. Glass and 
gasket replacements are easily made 
without damaging seats through 
scraping. 


Write for Data Units 
on Jerguson Gages 
and Valves. 








Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 


Representatives in Major Cities 
Phone Listed Under JERGUSON 
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Improv ed Ramberg 





Vacuum-tube 


Accelerometer 


Recent research in the Engineering 
Mechanics Section of the National 
Bureau of Standards has resulted in 


an improvement of the Ramberg vacu- 
um-tube accelerometer which NBS de- 
veloped in 1946 for the Navy’s Bureau 
of Aeronautics with the cooperation of 
Sylvania Electric Products, Inc. The 
new pick-up provides more sensitive 
and reliable acceleration measurements 
than did the earlier version which, 
despite slight erratic changes during 
its operation, has been successfully 
applied to both field and laboratory 
acceleration measurements. Among 
such uses have been acceleration meas- 
urements on pilot ejection devices for 
high-speed aircraft, in landing impact 
tests for model aircraft, as well as on 
aircraft in actual fiight. 

The vacuum-tube acceleration pick- 
up is a twin-diode vacuum tube con- 
sisting of a fixed indirectly-heated 
cathode and two plates, one on each 
side of the cathode. The plates are 
elastically mounted so that they will be 
deflected if the base of the tube is ac- 
celerated in a direction perpendicular to 
the plane of the plates. The new model 
differs from earlier versions in having 
stops to limit the motion of the plates, 
support rods 0.01 inch in diameter to 
increase the sensitivity of the tube, 
and a second getter. 

The primary design requirement met 
by the Ramberg vacuum-tube acceler- 
ometer is its provision for an electrical 


signal of sufficient strength to drive 
directly a high-frequency recording 
galvanometer and at the same _ time 


have a relatively high natural vibra- 
tion frequency. In the operation of the 
original model erratic changes or “zero 
shifts” in its balance point were some- 
times encountered. The source of this 
difficulty has been eliminated in the 
new model. The “zero shift,” resulting 
from excessive accelerations to the pick- 
up while handling and installing, is 
prevented by stops which were added to 
limit the plate excursion and thus pre- 
vent overloading. “Zero drift,” believed 
to be due to small fluctuations in the 
cathode electron emission, has been ef- 
fectively reduced by three steps: First, 
the accelerometer was given an aging 
treatment which made its emission 
nearly constant; second, two “getters” 
instead of one were used to improve 
the electrical characteristics; and third, 
the sensitivity was increased by a fac- 
tor of 25 to make the remaining ran- 


dom output negligible compared with 
the output due to acceleration. 
3ecause of promising results ob- 


tained with both the original and im- 
proved tube, an extended developmental 
project on the fundamentals of acceler- 
ation measurements is now under way 
as part of the NBS program on basic 
instrumentation, which is cooperatively 
supported by the Office of Naval Re- 
search, the Office of Air Research, and 
the Atomic Energy Commission. The 
objectives of this project are to obtain 





The improved Ramberg vacuum-tube accelerom- 
eter pickup consists of a twin-diode vacuum 
tube with a fixed indirectly-heated cathode and 
two plates, one on each side of the cathode. 
Visible within the tube envelope are the plates, 
the two “getters,” the plate stops, and the sup- 
port rods (lower center of envelope). 


accelerometers having a greater range 
of acceleration measurement, higher 
output voltages, and damping of the 
natural frequency response. The ac- 
celerometers will be equipped with com- 
pact protective cases and mounting 
lugs for installation. 

Field tests of the improved acceler- 
ometer have provided interesting and 
striking results that suggest the wide 
variety of uses to which such a sensi- 
tive device may be applied. For ex- 
ample, with the accelerometer clamped 
to the dashboards in 1936 and 1947 
automobiles (and using a filter to elimi- 
nate natural frequency response), com- 
parative records were obtained of the 
vertical accelerations to which the ve- 
hicles were subjected when crossing 
multiple streetcar tracks. Vertical ac- 
celerations experienced by the rear cock- 
pit of a TBD airplane during takeoff, 
approach, and landing were likewise 
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recorded by rigidly clamping the ac- 
celerometer to the structure. The nat- 
ural frequency response of the instru- 
ment itself at 160 cycles per second in 
these records is small compared to the 
response proportional to the imposed 
accelerations. 

Variations in the vertical accelera- 
tions of a freight elevator going from 
the first to the second floor were also 
readily revealed by the accelerometer. 
The increase in acceleration when the 
elevator was put in operation, the 
nearly zero change in acceleration be- 
tween floors, and the decrease in ac- 
celeration while stopping, were clearly 
shown in the continuous acceleration 
record. The natural frequency response 
is again small compared to the accelera- 
tion response. In this test, the circuit 
was modified by replacing a 1,400-ohm 
resistor in the filter circuit by one of 
100 ohms. This resulted in a much 
higher sensitivity with some lowering 
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(Upper portion.) Tracings of oscillograms 
showing the vertical accelerations experienced 
by a 1936 and a 1947 automobile crossing mul- 
tiple streetcar tracks. These striking comparative 
records were obtained by clamping the Ramberg 
vacuum-tube accelerometer to the dashboard of 
the two automobiles. The 17 calibration was ob- 
tained by reversing the tube in the earth’s 
gravitational field. 


(Lower portion.) Tracings of an oscillogram 
of the vertical accelerations to which the rear 
cockpit of a TBD airplane was subjected during 
takeoff, approach, and landing. The record was 
obtained by rigidly clamping the Ramberg 
vacuum-tube accelerometer to the structure. 
Note that the natural frequency response of the 
instrument itself (160 cps.) is small compared 
to the response proportional to the imposed 
accelerations. 


of the attenuation at the cut-off fre- 
quency of the filter circuit. 

The circuit used in the field tests of 
the improved pickup is an adaptation 
of the Kelvin double-bridge designed to 
minimize the effect of contact resist- 
ance both in the tube socket and in the 
adjustable rheostats. Because of the 
convenience of obtaining six volts from 
a storage battery, six volts were used 
for the heater voltage in these tests 
rather than the seven volts for which 
the heater is designed. A_ blocking 
filter was used ahead of the galvan- 
ometer to eliminate the possible 160- 
cps. output at the natural frequency 
of the accelerometer. The character- 
isties of the over-all circuit were found 








» Bendix -Friez 


PRESENTS THE 


Mluwnnonmtlr 


INDUSTRY’S NEW TOOL 
FOR MEASURING 
DAYLIGHT ILLUMINATION 


The Bendix-Friez [luminometer is 
ideal as an aid to correct light-load 
prognostication through correlation 
with weather data and other known 
system factors. Based on U. S. 
Weather Bureau designs, this new 
instrument provides continuous re- 
cordings of daylight intensity in hundreds of foot-candles. 

An internal filter neutralizes heat ray effects and means i 
are provided within the unit for calibrating the sensing yp 
element against U. S. Government standards. The Illu- f 

minometer is built and backed by Bendix-Friez, world’s ‘ 

largest manufacturer of weather instruments and princi- 

pal suppliers to the Government for 75 years. 


Write: FRIEZ INSTRUMENT DIVISION of 
1374 Taylor Avenue e Baltimore, Maryland 
Export Sales: Bendix International Division, 72 Fifth Ave., New York, N.Y AVIATION CORPORATION 

























For Prompt 
Delivery! 


FLECTRO- 
METERS 


BIFILAR AND 
UNIFILAR 
TYPES 


Also Vacuum Duant Electrometers and High Tension Models 


for Voltages Between 50 and 15,000 Volts 


For Prices and Technical information 


Ask for Pamphlet IPH-7 


GAMMA SCIENTIFIC COMPANY 


263-265 Great Neck Road 
GREAT NECK, L. |., N. Y. 
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Actual Size 


Four Trace Model Approx 


Midwestern Model 
102 Galvanomefer 


@ LIGHTEST 
@ SMALLEST 


@ MOST PERFECTLY 
BALANCED 


@ MOST SENSITIVE 


Midwestern's Galvanometer Model 102, 
is smaller and lighter than any other 
now offered to industry, but is equal or 
superior in all mechanical and electrical 
details, including DC sensitivity and bal- 
ance. Readily adapted to any type 
oscillograph, it is available in appro- 
priate undamped frequency steps from 100 
cps to 3500 cps. Precision manufacture 
and design have reduced the size of the 
102: 4-trace—width %4"', wt | Ib.; 18-trace 
width 25%"', wt 3 Ib.; 36-trace—width 5"', 
wt 6 Ib. 


As an indication of the efficiency of 
this new galvanometer, below are tab- 
ulated 


representative elements. 


essential characteristics of two 


Type Nominal Frequency Undamped Nominal 
Undamped Range DC Sens. Balance 
Natural Flat 5% ati2” Opt. Dis- 


Frequency ACPS Arm MA/In. place- 

ment 

Per G* 

102A 100 0-60 0.009 0.006” 
2000 2000 0-1200 11.2 0.006” 


Special Balance at slight extra cost 


Write for Bulletin Osc. 12-50-C 


te 5 
MIDWESTERN jij 


GEOPHYSICAL LABORATORY iV! 
“TUT 
2803 W. 40th © Tulsa, Oklahoma 
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to be flat within five precent up to 20 
cps. and to attenuate gradually to 
nearly 100 percent at 160 cps. 

The accelerometer in its present 
form provides a useful addition to 
available measuring equipment for con- 
ducting field tests similar to those de- 
scribed above where accelerations up 
to about 5 g at frequencies up to about 
20 cps. are to be measured. However, 
experience with the accelerometer indi- 
cates that it would be improved by the 


addition of a suitable protective cover 
with a convenient means for attach- 
ment, and by the provision of a me- 
chanical means for damping vibration 
of the plates at their natural frequency, 
Work is now in progress to develop 
modified designs of the accelerometer 
to cover other acceleration ranges, as 
well as models having high plate re- 
sistance to give the high voltage output 
required for many electronic applica- 
tions. 


Third Magnetic Observatory in Operation in U.S. 


HOUSTON, Tex.—A new magnetic 
observatory (third such observatory in 
the U.S.) is now in operation under the 
auspices of the U. S. Coast and Geodetic 
Survey at the University of Houston, 
Houston, Texas. The other two observa- 
tories are located at Cheltenham near 
Washington, D. C. and at Tucson, Ari- 
zona—too far from Houston to give re- 
liable information for this area. 





Geodetic Survey and Walter Ruska of 
the Ruska Instrument Corporation. 
Ruska offered to build and donate the 
instruments, and Captain Roberts 


promised the full support of the U. S. 
Coast and Geodetic Survey. The Uni- 
versity of Houston furnished the site 
and buildings and operates the station 
under Dr. R. W. Long of the University. 
erected, 


Two small buildings were 





A magnetograph installed on its concrete pier in the observatory. 


At the observatories is gathered 
knowledge concerning the behavior of 
the earth’s magnetic field—knowledge 
necessary in maintaining accurate maps 
for air and sea navigation. The infor- 
mation is also important to the com- 
munication services and to the oil and 
mining industry which uses magneti¢ 
methods for exploration work. 

Location of the observatory at Hous- 
ton was decided following discussions 
between Captain Elliott B. Roberts, 
Chief of the Division of Geomagnetism 
and Seismology of the U. S. Coast and 





T. L. Skillman of the U.S. Coast and Geo- 
detic Survey, Washington, D.C. makes base ob- 
servations with the Ruska portable magnetic 
theodolite, as Walter Ruska, president of Ruska 
Instrument Corp., and Commander Curtis Le- 
fever of the USC&GS watch. 


one for making periodic observations 
to determine strength and direction of 
the earth’s magnetic field, and the other 
to house delicate recording instruments 
which continuously record changes of 
strength and direction. The buildings 
are of wooden construction entirely 
non-magnetic, with concrete piers sup- 
porting the instruments. Copper nails 
and solid brass locks, hinges and other 
hardware were used, and all materials 
were checked for iron impurities. Even 
the ground over a considerable area 
around the building was checked for 
buried iron pipes and iron trash, and 
a water line near the building was re- 
located at a safe distance. 


Automatic Control Reduces 


Atomic-energy Plant 
Hazards 


MILWAUKEE, Wis.—How auto- 
matic temperature, humidity, static 
pressure and air velocity controls are 
used to minimize the hazards in atomic 
energy plants was explained by J. A. 
Cutler, president of Johnson Service 
Co., Milwaukee, whose control systems 
are used extensively in atomic energy 
plants throughout the country. Accord- 
ing to Cutler, there are currently three 
broad areas of application of automat- 
ic control apparatus in atomic energy 
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cover plants. As an initial consideration, 












‘Lach- he said, plants where radioactive ma- 

. me- terials are handled almost always are 

‘ation equipped with complete air-condition- 

lency, ing systems, and automatic temper- 

velop ature control apparatus is called upon 

neter to solve the same problems encountered 

'S, as in any first-class industrial building. 

e re- Consequently, many thousands of Pp 

utput standard regulators have been _ in- ermanent M 

plica- stailed in these plants by Johnson en- agnetP bi 
gineers for operation in the usual man- ro @ms 


Can Be Simple 
V Quality 


ner. However, many special considera- 
tions arise because of the hazards of 
atomic energy work. For _ instance, 


ee If You Have: 







a O 

ae a second type of control application is Pp Magnets 

» the specifically related to the presence of rompt Deliy 

berts radioactive materials, Cutler said. In Com | ery 

U.S. most plants dealing with radioactive Plete Eng; ° 

La agg tag : ; 9g!neerin 

Uni- materials, this involves the precise con- ervice g 

site trol of the movement of air within A 

stion each building to keep contamination at — Low Unit Cost 

sity. a minimum. facies. %°8fS Tho - 

sted, Cutler also explained that much of Magner provide the ¢qskinner has geared ; 
the space within a building handling Why aoe kee er to all Permanen, 
radioactive materials may consist of With you in - omas & Skinn . 
hot-zone laboratories in which special Permanent eien €sign and Produ eineers work 
fume hoods are installed for the treat- call us today, °"*' for your applicage of the righ; 
ment of materials. The use of these 
fume hoods, which are connected to 





exhaust ducts to provide a_ positive 
air movement to remove radioactive 
fumes and other toxic gases, has re- 
sulted in the development of the third 
and newest application of automatic 
ak aumuiiis te. denake slau THOMAS & SKINNER Steel Products Company 
plants. 1120 East 23rd Street - Indianapolis, Indiana 
For safety, the velocity of the air 
through the hood door should be at 
least 125 feet per minute, he said. 
However, if this velocity is above 175 
fpm., some radioactive particles under- fi 
going processing are carried away. It 
is necessary, therefore, to control the 








UHF | 
OSCILLATOR | 




















ions velocity of air through the hood door 
1 of between these limits. This problem is Model 112 
her made more difficult because the hood | 
nts door may be anywhere from wide open *) i 
of to almost completely closed and_ be- . 
ngs cause of available resistance in the An Accurate Signal Source ' 
rely system when filters become dirty. For The Measurement Of 
up- When fume hoods of this type were 
ails first proposed two years ago, John- @ STANDING WAVES ON ' 
her son engineers built a test installation, TRANSMISSION LINES 
ials consisting of an exhaust system and @ ANTENNA PATTERNS 
ven two typical hoods, in its research lab- 
rea oratory. Exhaustive tests were con- © FILTERS 
for ducted to develop a workable control @ ATTENUATORS . 
and arrangement. Several means of detect- 
re- ing changes of velocity were tried, in- Also for Alignment and Tracking 
cluding vanes, hot wires, and pressure Specifications: ' of UHF Receivers 
differences. The vane system was 
- found to be unstable; the hot wire gag gs foot ick This extremely stable oscillator, 
| method was influenced by air tempera- ve ayer with individually calibrated, direct- 
ture as well as velocity, and was un- FREQUENCY Hep prince reading frequency dial, was design- 
able to differentiate as to the direc- ACCURACY: *0.5% ed for many applications in UHF 
tion of air flow, Cutler said. OUTPUT VOLTAGE: . . 
— The pressure-difference method of Maximum varies with frequency ew Ke 
e. i one. which roomed Fe aa wn ae ae bn An output dial calibrated in decibels 
nic " ae of ge og age OUTPUT IMPEDANCE: permits relative voltage — 
A. for its operation on the fact that the 50 ohms. main. wie 2 rae at OY te 4. 
a velocity of air moving between two POWER SUPPLY: 
points is proportional to the difference 117 volts; 50/60 cycles; 60 watts. MEASUREMENTS 
By in pressure between these points. In . 
rd- the case of air moving at a velocity pert pag 2 eB" CORPORATION 
ree of 130 fpm., this pressure difference is on woe oe 2 6 
at- 0.001 inch water gage. To control the _ . BOONTON o NEW JERSEY 
‘BY velocity at 130 fpm. within plus or ie 
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JUST PLAIN 
RUGGED , 
- +. yet an 
instrument of 
highest QUALITY 
. « « PRECISION 
. - . ACCURACY 





OLLOW THE 
PARADE 





INSTRUMENT 








The Burlington “Hermetically Sealed" Instrument 
was designed and is manufactured to conform to 
JAN specifications for sealed instruments. 

Steel case with heavy copper-cadmium plate and black 


finish. 


Double strength clear glass. 
Black satin onodized aluminum bezel. 


eee 


perature conditions. 


applications. 


* Designed to enhance panel appearance. 

© Available in I'/2" square, 2!/2"" and 3'/2" round case 
types. 

* Guaranteed for one year against workmanship and 


materials. 


BURLINGTON INSTRUMENT COMPANY 
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(. PANELS 
| 3k - NAMEPLATES 
| + TOOLS - DIALS 
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PORTABLE ENGRAVER WITH THESE FEATURES 


@ Engraves 15 sizes from ONE alphabet 


@ Covers a LARGER area than any other 
portable engraver 


Equipped with self-centering holding vise 
Convertible into TRACER GUIDED ELECTRIC 
ETCHER for identifying tools and dies 


PORTABLE ENGRAVER described in Folder 1M37 
HEAVY DUTY ENGRAVER described in Folder M37 


CTS, F110. 
@ NEW YORK 3.N Y 


of portable ting 


NIVERSITY PLACE 


t manufacturer 


machines 
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Excellent shielding due to case material and construction. 


Glass to metal seal under controlled humidity and tem- 


D'Arsonval per manent magnet type movement for DC 








Best Buy Burlington 


Dept. H-2! 
BURLINGTON, IOWA 


Greatest PORTABLE 
of them all! 


diene aie 


REVOLUTIO Y 
MODE NAR 





MAGNETIC TAPE RECORDER 
15,000 cps - 7/2 inches per second 
HALF TRACK! 


@ Extended range 15,000 cycle half-track re- 
cording at 7'/, inches per second. 


Incredible performance that equals or ex- 

ceeds most full-track 15 i.p.s. recorders. 

@ Saves 75% on tape by combining 132 min. of 
recording on a single 2400-ft. N.A.B. reel. 

@ Can be furnished with Single Track Heads. 


Write for Complete Specifications 
and Control Arrangement 


AMPEX ELECTRIC CORPORATION 


San Carlos, California 








i OF THE GREAT RADIO SHOWS] | 


minus 10 fpm. the control instrument 
|must respond to pressure variation of 
10.0001 inch water gage. The succegs- 
|ful regulation of contamination in 
atomic energy plants by means of thege 


|}automatic control installations is an 
|economy measure as well as a health 
|measure, according to Cutler, since 
| expensive 


laboratory apparatus and 
equipment must be replaced if they 
become radioactive. 


EDUCATION NEWS 


MIT Offers Two Courses in 
Instrumental Analysis in Chemistry 


Two one-week specialized training programs 
| in instrumental analysis will be offered from 
|} July 9-13 and July 16-20 as part of the 1951 


|} Summer Session at the Massachusetts Institute 
of Technology. 

Dr. David N. Hume and Dr. Lockhart B 
Rogers, both of the department of chemistry at 
M.I.T., will conduct the two 
the facilities of the Institute's 


analysis laboratory. 


utilizing 
instrumental 


courses, 


The purpose of these programs is to provide 
| for each type of instrumental method discussed 
| (1) Adequate grounding in fundamental prip- 
| ciples and theory involved; (2) Knowledge of 
wide variety of practical applications; and (3) 
Experience with available commercial  instru- 


ments. 
The first week, July 9 to 13, will be 
to electrical methods of instrumental 


devoted 
analysis, 


}emphasizing potentiometry, polarography, con- 
| ductimetry, amperometric titrations, and ap- 
| plications of self-balancing recording  potenti- 


Optical methods of instrumental anal- 
including 
fluorimetry, turbidimetry, 


| flame photometry, will be covered July 16 to 20. 


| ometers. 
| ysis, spectrophotometry, colorimetry, 


nephelometry, and 


| Both programs will consist of a two-hour 
period for lecture and discussion and a _ three- 
hour laboratory workshon each day. Studies 


of the various methods will be designed to par- 
ticularly help laboratory and prae- 
tical analysts in approaches 
to their problems. 

Application forms may be obtained  fror 
Professor Gale at Room 3-107, Massachusetts 
Institute of Technology, Cambridge 39. 


suvervisors 


selecting the best 





TECHNICAL SOCIETIES 
AMERICAN SOCIETY OF TOOL ENGINEERS 


instrumentation for test 
ing and quality control will be presented at the 


Several papers on 


ASTE annual meeting in New York, March 15 
to 17 inclusive. Papers will cover such sub- 
jects as non-destructive testing through the use 
lof strain gages, supersonic inspection, ete.; 
optical inspection methods; continuous and au- 
tomatic gaging and so on. Of interest to men 
who make or use instruments will be a_ paper 


Ford Motor 


one on 


Company 
automatic 


on quality control by a 


manufacturing executive, 


equipment controls, and others, 


SOCIETY FOR APPLIED SPECTROSCOPY 

The March meeting of the Society for Applied 
Spectroscopy will be held on Thursday, the 8th: 
Informal supper at Tosca’s, 118 
8:00 p. m., Regular meeting, Socony- 


6:00 p m., 
| Fulton St., 


Vacuum Training Center, 63 Park Row, New 
York. Speaker, Dr. Bert L. Vallee, Dept of 
Biology, MIT. Subject, “Developments in 4 
Backward Field—Trace Elements in Biology” 
| (Emission spectrographic trace analysis and 
| functions of such elements in biology). Tech- 


| nical Chairman, Roger W. Loofbourow, Merck 


& Co, 
The April 3, 1951 meeting will be held at 
same hours and places as above. Speaker, 
" Labs., 


| 

; I. Rozsa, National Spectrographic 

| Cieveland. Subject, “Spectrochemical Methods in 
Ferrous Metallurgy.” Technical Chairman, James 

| Mellichamp, Signal Labs, Ft. Mon- 

| mouth, a 

' 


Squier 


CHARLES H, Nortu, Publicity Chairman 
National Lead Co., Titanium Div 
P.O. Box 58, South Amboy, N, J. 
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An Editorial 


8719 New Instruments 


ELOW is reproduced a tabulation 
of new instrument items which 
have appeared in Jnstruments each year 
during the 23 years it has been pub- 


lished. 
Year New Progress- No. of com- 
Instruments ive Total panies listed 
in the 
Instruments 
Index 
922 R4 84 
1929 106 190 
1930 133 323 
1931 23% 556 
1932 283 839 
1933 308 1147 
1934 311 1458 
1935 306 1764 692 
1936 317 2081 
1937 313 2394 
1938 370 2764 
1939 363 3127 854 
1940 291 3418 843 
1941 246 3664 933 
1942 266 3930 964 
1943 280 4210 1013 
1944 312 4522 1044 
1945 393 4915 
1946 647 5562 1264 
1947 660 6222 1307 
1948 636 6858 
1949 798 7656 1361 
1950 1063 8719 


A new instrument, as defined by Jn- 
struments, is any device which meas- 
ures, inspects, tests or controls; or any 
product, which is an accessory or allied 
product, made by the manufacturer for 
the first time. Further a considerable 
change in the design or construction of 
an instrument also qualifies the product 
for inclusion in the “(New Instruments” 
Section. 

In the case of foreign new develop- 
ments, these are only excluded if they 
are available through an office or repre- 
sentative in the United States. 

A very interesting phenomena can 
be noted in the above table. Omitting 
the years from 1928 to 1931, which was 
a period during which the list of instru- 
ment manufacturers was being assem- 
bled, it will be noted that the annual 
number of new instruments from 1932 
to 1945 inclusive is about 300. From 
1946 to 1948 inclusive the annual num- 
ber went slightly above 600. In 1949 
the number went up to 800 and to 1000 
In 1950. 

; During this period the number of 
Instrument manufacturers’ increased. 
The first year that there was any indi- 


Just Published 


A Romance in Research— 


The Life of C. F. Burgess 


By A. McQUEEN 
With a Technical Appendix by O. W. STOREY 
9", 
$6.00 postpaid 


Cash, Check or Money Order must accompany orders. 


Cloth, 6” x 


eation of the number of companies in 
the Instrument Industry was in 1935 
when the first Instrument Index ap- 
peared. The number of companies listed 
in that Index was 692. In the above 
table, column 4 shows the number of 
companies listed in subsequent issues of 
the Instrument Index. By 1949, the 
number was almost double the number 
in 1935. This increase is confirmed by 
the 1947 Census of Manufacturers as 
compared with the 1939 Census: 
No. of Establishments Reporting in 
1939 1947 


Scales and Balances 56 75 
Measuring and Dispensing Pumps 38 52 
Electrical Measuring Instruments 59 154 
Scientific Instruments 125 216 
Mechanical Measuring Instruments 227 163 
Optical Instruments and Lenses 31 114 
Totals 536 1074 


It is also interesting to note the 
Instrument Industry appears as a sep- 
arate industry in the 1947 Census of 
Manufactures. For the first time the 
Instrument Industry was recognized by 
establishing code number 38 as “Instru- 
ments and Related Products.” Even so 
there are still a number of Industries 
not included in this code but which are 
very definitely a part of the Instrument 
Industry. In the 1939 Census of Manu- 
factures, the Instrument Manufacturers 
were reported as a part of the Miscel- 
laneous industries. In the War Produc- 
tion Board during the Second World 
War instrument, products were distrib- 
uted among 22 of the 40 divisions. 

For National Defense purposes, In- 
strument Manufacturers should be 
classified as mechanical, electrical, opti- 
eal, etc. rather than as scientific or 
industrial. A scientific instrument is an 
instrument for which there is a small 
demand; when the demand increases 
it has become an industrial instrument. 

Further all precision working indus- 
tries should be assembled in one division 
in the National Production Authority 
as these industries represent a large 
number of man-hours per pound of 
material. Such a set-up will solve the 
most serious difficulty of the instru- 
ment industry—obtaining the necessary 
amount of raw material. 


RICHARD RIMBACH 
Publisher of Instruments 
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PHYSICISTS 
AND 
SENIOR RESEARCH 
ENGINEERS 


POSITIONS NOW 
OPEN 


Senior Engineers and Phys- 
icists having outstanding aca- 
demic background and ex- 
perience in the field of: 


Microwave Techniques 
Moving Target Indication 
Servomechanisms 

Applied Physics 
Gyroscopic Equipment 





Optical Equipment 
Computers 

Pulse Techniques 
Radar 

Fire Control 

Circuit Analysis 
Autopilot Design 
Applied Mathematics 


Electronic Subminiaturi- 
zation 


Instrument Design 
Automatic 
Equipment 
® Test Equipment 

Electronic Design 


@ Flight Test Instrumenta- 
tion 
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Production 


are offered excellent working 
conditions and opportunities 
for advancement in our Aero- 
physics Laboratory. Salaries 
are commensurate with abil- 
ity, 
ground. Send information as 
to age, education, experience 


experience and _ back- 


and work preference to: 


NORTH AMERICAN AVIATION, INC. 
Aerophysics Laboratory 
Box No. R-4 
12214 South Lakewood Blvd. 


Downey, California 
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NOW .. . determine Events-Per-Unit-Time* automatically with 
a single, compact clirect-reading instrument! 


Any physical, electrical or optical 
events of unknown occurrence 
rate that can be translated into 
changing voltages can be accu- 
rately counted during a precisely- 
measured time interval of one 
second. (Time base other than one 
second can be provided.) 

In frequency measurements, for 


example, each cycle occurring dur- 
ing the accurately timed one- 
second interval individually 
counted and the total displayed in 
direct-reading numerals on_ the 
illuminated front panel. Maxi- 
mum counting rate is 100,000 
per second; accuracy is +1 event 
recardless of rate. 


Is 


Send for bulletin 554-I for full, detailed description. 








MERCOID 


SOLVES INDUSTRY'S AUTOMATIC CONTROL PROBLEMS 


THE ONLY 100% MERCURY 
SWITCH EQUIPPED CONTROLS 








Thermostats Line Voltage Temperature 





Explosion Proof 


Liquid Level 
Thermostats Low Voltage 





Oil Burner Safety 
i 


Float Operated Transformer -Relay 


If you have o problem on the automatic 
control of pressure, temperature, liquid level, 
mechanical operations, etc., it will pay 
you to consult Mercoid’s engineering staff — + 


always ot your service. 
Complete Mercoid Catalog sent ur t 


THE MERCOID CORPORATION, 4201 BELMONT AVE. CHICAGO 41, ILL 
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HEXACON 


GANTAM 


-==MODEL 30H, 

: Weight—5'/, Ounces * Watts— & 

40 or 60 * Tip Dia.—Both 4” and 1%” Tips ; 

: Furnished with Each Iron * Price— $650 t 

So light its weight is hardly noticeable. Out- § 

b performs any iron of equal size. Hatchet de- t 
sign makes it more comfortable and practical 


to use than a pencil iron. No transformer re- 
7 quired. Write for complete catalog. 








" HEXACON ELECTRIC co.! 
179 WEST CLAY AVE., ROSELLE PARK, N, J. 
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DIFFERENTIAL MANOMETER 
Continued from page 159 


between the glass and the cover plate 
tu prevent contact of these components, 
which might damage the glass. Cork 
or felt padding of uniform thickness 
proved satisfactory for this need. 

Appropriate openings were bored and 
threaded into the ends of the main body 
block to permit installation of the glass 
tubes and accompanying seals. Where 
necessary to seal the tubes from the 
body two % in. neoprene “O” rings 
and a thin steel washer are installed, 
followed by a gland nut to apply com. 
pression to the seals. The holes are 
then sealed by means of plug bolt; 
equipped with copper washer seals. The 
gland nuts and plug bolts mate the 
same threads. The two plug bolts at 
the top of the manometer were drilled 
completely through and then tapped 
for accommodation of exterior connec. 
tions. This method of installing the 
tubes permits their removal for clean- 
ing and replacement without disassem- 
bly of the major components. 

This manometer is considered suitable 
for use at pressures up to 3000 psi. (the 
recommended pressure limitation of the 
neoprene seals) if they are installed 
in accordance with the specifications 
of the manufacturer. Periodic inspec- 
tion of these seals has indicated that 
they will function satisfactorily when 
installed as described herein. The glass 
plates do not appear to be stressed to 
dangerous proportions. Maximum shear 
stress in these plates is approximately 
800 psi. when the internal pressu~ 
is 3000 psi. This value is well belov. 
the yield point for tempered glass. 

The manner in which the manometer 
is constructed requires that differe 





tial heads be determined by means 
a remote viewing instrument, such 4s 





a precision cathetometer. This method 
of viewing the menisci may result in 
illumination difficulties owing to the 
recessed position of the glass tubes. 
Care must be exercised in lighting the 
liquid columns to avert the possibility 
of creating shadows on the meniscus, 
which would result in erroneous read- 
ings. This difficulty can be eliminated 
satisfactorily by applying an intense 
spotlight on each column from the ap- 
proximate height of the meniscus under 
observation. Painting the metal directly 
behind the tubes white or yellow will 
produce good contrast when the manom- 
eter fluid is mercury. For clear fluids 
red paint is recommended. Owing to 
the absorptivity of air by liquids under 
high pressure, mercury should be em- 
ployed when the instrument is under 
more than several atmospheres pres- 
sure. 

This instrument has functioned sat- 
isfactorily for the precision determina- 
tion of differential heads at pressures 
exceeding 1000 psi. No leaks have been 
encountered in any of the internal or 
external seals. Viewing the liquid col- 
umns through the thick glass plates 
does not appear to introduce any errors 
which might be attributed to distortion 
of the light rays. Except for its con- 
siderable bulk it has proved to be the 
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most satisfactory solution to a difficult 
instrumentation problem. 
Acknowledgment. A major portion 


strument was defrayed by The Na- 
tional Advisory Committee for Aircraft. 


WATCH BALANCE WHEEL 
Continued from page 155 


wheel motion closely enough for prac- 
tical purposes. In the instrument here 
described the natural frequency of the 
suspension system and watch was one- 
third to one-fifth cps., depending on the 
moment of inertia of the watch, cor- 
responding to a frequency on the order 
of one-tenth that of the balance wheel. 
It is interesting to note that when the 
natural frequency of the watch and sus- 
pension system is greater than that of 
the balance wheel the motion of the 
watch is in phase with the balance 
wheel, while with a natural frequency 
less than the balance wheel frequency, 
as in the present case, the motion is of 
opposite phase.” 

The equipment described readily per- 
mitted a determination of the watch 
rate by comparison with the 60-eps. 
power line frequency. The curves on 
the oscilloscope screen moved to the 
right for a watch gaining, and to the 
left for a watch losing. The rate was 
determined by timing the motion of a 
point of the curve similar to the pro- 
cedure described by van Suchtelen.* A 


|check of the power line frequency as a 


time standard was made by comparing 
the indications of an electric clock with 
he time signals of radio station WWV 


[his comparison showed that the power 
line frequency near Washington, D.C. 
nld not be used for precise timing of 

shes, but was sufficiently constant 


jue approximate timing. The power line 


frequency was satisfactory for the work 
described here since the production of 
a curve of balance wheel motion was 
the primary object rather than precise 
determination of watch rate. 

It has been shown that the motion of 
the suspended watch case changes the 
rate of the watch.” In the present case, 
the rate of a watch is changed by an 
amount \/2, referred to unity as the 
error plus the timing interval with 
the watch stationary. When the bal- 
ance-wheel frequency (watch station- 
ary) is greater than the natural fre- 
quency of the suspended watch, the 
balance-wheel frequency increases when 
the watch case is allowed to oscillate. 
Thus the rate of the watches tested 
changed (watch gaining) by about 5 
seconds per day for wrist watches and 
about 25 seconds per day for a large 
pocket watch. For use of the instru- 
ment for timing watches this error can 
readily be reduced to one second per 
day or less by adding weights to sus- 
Pension system to reduce value of \X. 
Derivatives of the curves of Fig. 4 
can be prepared graphically to show 
angular velocity and angular accelera- 
tion of the balance wheel. A curve of 
acceleration would appear to be of par- 
cular interest since this curve would 
Provide a record of forces acting on 
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HEILAND GALVANOMETERS 


of high current and voltage sensitivity are the heart of 
Heiland recorders. 

Heiland galvanometers are available in natural 
frequencies ranging from 32 cycles per second to 4700 
cycles per second. All galvanometers are electromag- 
netically damped with exception of those having nat- 
ural frequencies above 450 cycles per second; these are 
fluid damped. Permanent magnet assemblies are avail- 
able for mounting 2, 6, and 12 Heiland galvanometers. 


For further 
information on 
Heiland 
Galvanometers, 
Multi-Channel 
Oscillograph 
Recorders or 
Associate equip- 
ment, write or 
wire... 





130 East Fifth Ave. 


. HEILAND RESEARCH CORPORATION o:nver, coto. 
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AN ECONOMICAL INVESTMENT IN 
LONG-LIFE PERFORMANCE AND 
EXTREME ACCURACY. RUGGED, FOR 
HEAVY-DUTY SERVICE: FLEXIBLE IN 
APPLICATION. - 


Scale 
Model | Divisions 
——— 


1/3 sec. 
60 min. 


Totalizes Accuracy 


11000 min. | 10 min. _| 


1 1000 sec. + .001 sec. 


MST-500|1 1000 sec. + 002 sec. 





Write for Timer Bulletin 153 
Other Products: Chrono-Tachometers, Custom-Built 
Laboratory Test and Distribution Panels 


ME Standard Flectric Time Co. 


93 Logan Street gyphiiln Springfield, Mass. 


FOUNDED 1684 
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force measuring system 


uses 


HEISE GAUGES 


@ EXTREME ACCURACY 
o @ STABILITY 
* 


@ SERVICE 


The Emery Hydraulic Weighing System measures 
forces in materials testing machines, in testing jet en- 
gine thrust and dynamometer torque, and in other 
special force problems. In these exacting applications, 
Heise Bourdon Gauges indicate loads to an accuracy of 
Vy of 1% of capacity. 

Heise Gauges are used in many industries for pre- 
cise measurements of pressure. Custom-built in pres- 
sure ranges from 0-15 to 0-10,000 psi. Sizes: 814”, 12”, 
and 16” diameter. Prices. from $151.60 to $211.20. 
Write for catalog. 


Heise Bourdon Tube Company, Inc. 
Newtown, Connecticut 
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and Plane Mirrors 
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Plane Parallel PLATES 
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SCHLIEREN SYSTEMS 
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Interferometer PLATES 
- 


LENSES and PRIsMs of Glass Modern design and construction puts 
* this rugged precision instrument in a 
. grade above the ordinary dead-weight 
Natural or Synthetic CrysTALs testers. 
e Made in 14 ranges, to 10,000 Ibs. maxi- 
mum, 


Complete Optical and Mechanical We guarantee 1/10 of 1 percent accu- 
INSTRUMENTS racy in each range. 
The Type 452 is designed for simplicity 


. and compactness. It incorporates the 
a . newest refinements and improvements. 
Made to Specifications Adapters and tools are supplied, as well 
as either carrying case or protecting 
e cover. 


High Vacuum Coating Immediate and intelligent at- 
tention will be given to your 


e inquiries on all industrial 
speed measurement protlems. 


John Unertl Optical Co. Ringerutentaine. 


3551-3555 East Street —_ Fi anne — 
Pittsburgh 14, Penna. esting Instrument Co., Inc. 


49a Van Sinderen Ave. Brooklyn, N. Y. 
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the balance wheel throughout its tray. 
el, and a curve of acceleration with the 
fundamental component removed would 
show directly the characteristics of the 
impulses received by the balance wheel 
from the escapement. 

An attempt was made to obtain a 
curve of acceleration directly on the 
oscilloscope screen. The equipment used 
was similar to that shown in Fig, 1 
except that the watch holder shown was 
replaced by a holder incorporating a 
variable resistance type phonograph 
pickup.’ The phonograph pickup com- 
prised a sensitive resistance type strain 
gage made by coating a conducting 
layer of carbon on the opposite surfaces 
of a small cantilever beam of plastic 
material. The watch was supported on 
a pan arranged so that the movement 
of the watch deflected the cantilever 
beam, the amplitude of motion of the 
watch being constrained by the beam 
to a small part of the free amplitude, 
The strain gage was connected in a 
bridge circuit supplied from an oscil- 
lator, and the bridge output connected 
to an oscilloscope through a phase-dis- 
criminating amplifier similar to the 
arrangement described by Savic.° This 
equipment was not successful in pro- 
ducing a usable trace, primarily be- 
cause of difficulty in balancing the 
bridge circuit. Had it been possible 
to balance the bridge circuit, a higher 
order of amplification would have been 
required. 

An attempt was made to obtain a 
curve of balance wheel velocity directly 
on the oscilloscope by placing the mov- 
able coil of the watch holder of Fig. 
1 in a steady magnetic field. It was 
estimated that this arrangement pro- 
duced a 2.5-eps. signal of approximately 
50 microvolts amplitude at the coil ter- 
minals. The difficulty of constructing 
an amplifier having the necessary volt- 
age gain at this low frequency pre- 
cluded the use of this arrangement. 

By the use of equipment more suit- 
able than that available to the writer, 
the methods described for obtaining 
curves of acceleration and _ velocity 
would probably provide usable results. 
Limitations in the equipment available 
made it impossible to obtain curves of 
balance-wheel displacement of the pre- 
cision that would be obtainable with 
more refined equipment; further, it was 
not possible to carry out a comprehen- 
sive schedule of tests. Accordingly, the 
results given are necessarily of a quali- 
tative nature, but serve to illustrate the 
practical operation of instruments de- 
riving a signal from a watch balance 
wheel by case reaction. 
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ON INVENTORY The company that now 
maintains a stock of assorted chart drives of 
various makes and speeds will find it eco- 
nomical and desirable to standardize on the 
Rockwell. A much smaller inventory of 
drives need be carried—the difference being 
made up by the proper selection of inexpen- 
sive po and turrets. The adaptors 
correctly position the drive in the instrument 
case and the turrets furnish up to 11 differ- 
ent rotation speeds from the same drive. 


IN SERVICE Rockwell chart drives are i 
exceptionally well made for long trouble- 
free service. They are sealed against mois- 
ture, dirt and corrosive gases; have a single 
winding stem. By using a heavier main- 
spring and a stronger winding stem, the 
principal causes of failure are minimized. 


ON REDUCED MAINTENANCE Your serv- 
ice men need be educated on the maintenance of 
onl; one make of drive instead of many. When 
required, servicing the Rockwell is easy—both 
the winding stem with gear and the mainspring 
barrel unit can be replaced in a few minutes time 
using ordinary tools. We offer an exceptionally 
attractive factory repair and exchange service on 
completely rebuilt, fully guaranteed drives at 
very low cost—24 hour service if necessary. 


ROCKWELL Very BULLETIN 
R lo 
MIDGET DRIVE 7s 9 


This mighty mite fills the need for a small size, 


strongly constructed drive in instruments where space ROCKWELL MANUFACTURING COMPANY 
is ata premium. Features include detachable escape- Pittsburgh 8, Pa. 












ment sealed in clear plastic, phosphor-bronze bear 

ings. Has separate mounting ring with adaptors for Atlanta Boston Chicago Columbus Houston 
flexible installation. Two models—8-day wind, 24- Kansas City Los Angeles New York Pittsburgh 
hour rotation and 24-hour wind and rotation. Turrets San Francisco Seattle Tulsa 
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/AUTO-LITE 


FOR TEMPERATURE INDICATION | 


Auto-Lite Thermometers are designed to give you the broad- 
est selection for your needs: Priced low and precision-made 
for accuracy, these instruments point the way to tempera- 
ture savings and help to prevent spoilage. Write for catalog 
showing the many styles and types of Auto-Lite Thermom- 
eters that are available. 


TYPICAL APPLICATIONS: STORAGE TANKS & ROOMS, 
COOLERS, DRYERS, AIR CONDITIONING, PILOT PLANTS. 


Illustrated, at top: Model G Indicating Thermometer, flush 
mounting type with capillary tubing for remote reading. 
Priced from $18. At bottom: Model V Thermometer (vapor 
pressure type). Rigid stem for direct mounting. Priced from 
$10.25. 


THE ELECTRIC AUTO-LITE COMPANY 
INSTRUMENT AND GAUGE DIVISION, DEPT. x-2 
4 TOLEDO 1, OHIO 
| NEW YORK «+ CHICAGO «+ SARNIA, GNTARIO 
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ENGINE PRESSURE INDICATOR 
Continued from page 157 


with a 0.003-in. diaphragm and a sup- 
porting grid having twenty holes (Fig, 
4, Test No. 1). A 0.0015-in. diaphragm 
was then substituted and the test re. 
peated under identical engine operat- 
ing conditions (Fig. 4, Test No. 2). If 
the inertia of the diaphragm is signifi- 
cant the two indicator cards thus ob- 
tained should be shifted somewhat with 
respect to each other. This does not ap- 
pear to be the case and diaphragm in- 
ertia may thus be neglected. The same 
test was repeated a third time with the 
original diaphragm but using a support- 
ing grid with forty holes. Since this 
will halve the time required to fill the 
cavity under the diaphragm, an effect 
must be observed if that time is sig- 
nificant. As before no appreciable time 
lag was actually observed (Fig. 4, 
Test No. 3). In order to determine the 
characteristic time of the relay circuit, 
a contactor was geared to the crank- 
shaft of the engine and used to trip 
the relay circuit once every two revo- 
lutions. The relay circuit was thus 
triggered at the same crank angle un- 
der all engine operating conditions. If 
the characteristic time of the circuit is 
long, the spark mark on the drum will 
be shifted by an amount depending upon 
engine speed. Tests were conducted at 
speeds between 0 rpm. (manual turn- 
ing of engine) and 1700 rpm. The spark 
marks were found to coincide at all 
speeds, thus showing that the charac- 
teristic time of the circuit is short com- 
pared to the engine speed. 

On the basis of the tests described 
above it may be concluded that the in- 
dicator performs with the desired ac- 
curacy. The kind of data that were ob- 
tained with it are illustrated in Fig. 5, 
which shows an engine indicator card 
obtained at an engine speed of 1400 
rpm. 

BIBLIOGRAPHY 


(1) Caldwell, F. R. and Fiock, E. F., “Some 
Factors Influencing the Performance of Dia- 
phragm Indicators of Explosion Pressures,” 
Journal of Research, National Bureau of Staw 
dards, Vol. 26, 1941, pages 175-196. 


(2) De Juhasz, K. J. and. Geiger, H., Der 
Indikator (book). Berlin: Julius Springer, 1938. 


(3) Hill, S., “Engine Indicator; Details of 
the Standard-Sunbury Electromagnetic Type,” 
Automobile Engineer, Vol. 37, 1947, No. 1, 
pages 19-23. 


(4) Mayes, F. M. and Lindeman, M. A, 
“New Pressure Indicator Design; Piezoelectric 
Type Combined With Spark Plug,” Automotive 
and Aviation Industries, Vol. $6, 1947, No. 5, 
pages 38-39. 


(5) Roess, L. C., “Condenser Type High 
Speed Engine Indicator,” Review of Scientific 
Instruments, Vol. 11, 1940, pages 183-195. 


(6) Smith, F. D., “Basic Principles in Design 
of Cathode-ray Oscillograph Engine Indicators,” 
Proceedings Inst. of Mech. Engineers, Vol. 148, 
1940, pages 48-56. 


(7) Taylor, E. S. and Draper, C. S., “A New 
High Speed Engine Indicator,” Mechanical 
Engineering, Vol. 55, 1933, pages 169-171. 


(8) Tozier, R. E., ‘‘N.A.C.A. Optical Engine 
Indicator,” National Advisory Committee on 
Aeronautics Technical Note No. 684. (1938). 










































Section | 
A Messa 
Pittsbur; 
Instrume 

By J. 











HE 
can 
on its w 
president 
bership 

have bee 
crease t 
rolls to 
April of 
The N 


Febru ary 













Me. A, 
electric 
motive 
No. 5, 


High 
ientific 
5. 
Design 
ators,” 
1, 143, 


A New 
vanical 
i. 

ongine 
ee on 
1938). 











Officers 


B. McMahon 








President: J. 















First Vice President: Porter Hart 



















Vice President: Nelson Gildersleeve 


























Vice President: N. L. Isenhour 












W. A. Wildhack 


Vice President: 









Treasurer: G. R. Feeley 














Secretary: Richard Rimbach 







ISA National Office: 921 Ridge Ave., 
Pittsburgh 12, Pa. 





Section Secretaries Meeting Data and Programs 
A Message from the President ... es 
Pittsburgh Section Conference 
Instrument and Control Maintenance 

By J. H. Cuthbert 





TABLE OF 


Committee for 
Constitution & 
Pigott; 
# Committee, C. 
© Vollbrecht; 


Little; 
H. Catlin; 
tee, R. L. 


ating 


CONTENT 


THE SECRETARY’S 


PAGE 


Richard Rimbach 


1951 Membership Campaign 


a. HE fifth anniversary membership 
campaign of the Society is well 
on its way. The efforts of all Section 
presidents, directors, secretaries, mem- 
bership committeemen and members 
have been enlisted in this effort to in- 
crease the total Society membership 
rolls to well over 5000 members by 
April of this year. 

The National Sections and Member- 
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ship Committee, under the direction of 
M. S. Jacobs, has asked Section officers 
to subject their respective areas to a 
critical re-examination with a view to 
increasing Section membership by 
awakening Society interest among here- 
tofore overlooked instrument engineers 
and instrument men who would benefit 
by membership. Sections are being 
asked to contact lapsed members and 


National Committees and Chairmen 


Analysis Instrumentation, D, 
Rules & 
Coordinating Committee, E. S. 


F, 


Historical Committee, 
ment Maintenance & Operation Committee, J. Johnston, Jr.; 
Committee on Instrumentation 
D. M. Boyd; Instrumentation for Testing Committee, D. C. 
Instrumentation for 
Instruments for 
Geer ; 
National Defense Committee, 
Committee, 
L. H. Allen, Jr.; Recommended Practice Committee, W. H. 
Fortney; Sections & Membership Committees, M. S. Jacobs; 
Society Structure & Planning Committee, A. H. Shafer. 


Ss 






- 


Number 2 


J. Pompeo; 
Procedures Committees, R. J. S. 
Lee; Employment § 
Finance Committee, J. T. 
L. M. Susany; Instru- 


Goldcamp ; 


for Production Processes, 
Transportation Committee, F. 
Inspection & Gaging Commit- 
Committee, W. H. Fortney; 
R. L. Goetzenberger; Nomin- 
Jacobs; Publications Committee, } 


Meetings 


M. S. 


cia bapa . 14. One Knob Production Control by C. F. Adeszko ....... 19 

ate oe .. 15 Mass Spectrometer 
Bustos ieee Stay hice LD By Robinson, Washburn, Berry and Perkins ........ 25 
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pieuaseec ats anes bieks . 16 New Jersey Section Symposium ...............eeee006 29 


to revive the interest of these men in 
Society activities. Section membership 
committees are being newly organized 
and expanded. 

Every Section of the Society has a 
huge untapped membership potential 
in its area. This potential is the main 
objective of the campaign. Every mem- 
ber of every Section, whether he has 
been officially appointed to a member- 
ship committee or not, should consider 
himself a spokesman for his Section 
and an individual center of member- 
ship promotion activity. Every member 
must know at least one other individual 
who is not now a member, but who 
should be. Most members know many 
other individuals who would be of value 
to the Society and who would find 
Society membership profitable, but for 
one slim reason or another, fail to sign 
up. These latter are the men who must 
be reached. If every member will as- 
sume the responsibility of overcoming 
this inertia of his non-member working 
associates by encouraging them to join 


Continued on page 15 
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Section Secretaries, Meeting Data and Programs 


AKRON 
Fred Appel, 932 Columbia Ct., 
Ohio. Tel: SH 3440 
Fourth Tuesday,- 7:30 P. 
ALBUQUERQUE 
E. J. Burda, Sandia Corp., P. O. 
Albuquerque, N. Mex. Tel: 56-5511 


Barberton, 
M., Akron Y.W.C.A. 


Box 5800, 


First Monday, Meeting at 8:00 P.M., Science 
Lecture Hall, Univ. of N. M. 
ARUBA 
E. H. Pfeffer, P.O. Box 291, c/o 


a“ Oil 
& Transport Co., Ltd., Aruba, N.W.1L. 
First Tuesday, 7:15 P. M., Engr’s Club. 
ATLANTA 
D. M. McRae, 150 Nassau St., 
Fourth Monday, Meeting at 
Institute of Technology. 
BALTIMORE 
W. A. Dickinson, 2716 Dunbrook Ct., Baltimore 
22, Md. Tel. Aastra 2272. 
Second Friday, Meeting at 8:00 P.M 
Club of Baltimore. 
BATON ROUGE 


Atlanta, Ga. 
7:46 P.M., Ga. 


, Engr’s. 


John Q. Bass, 1517 Longwood Dr., Baton 
Rouge. La. Tel: 3-023 
Meeting monthly, L.S.U. Physics Bldg. 
BOSTON 
Stephen E. Lord, 60 Braintree Ave., Quincy 69, 
Mass. Tel: MA 9-1066 


Last Wednesday, Dinner at 6:30 P. M., Meet- 
ing at 7:00 P.M., 99 Club, 99 State St. 
CALIFORNIA 
D. C. Duncan, Helipot Corp., 916 Meridian 
Ave., S. Pasadena, Calif. Tel: SY 4-8439 

Second Wednesday, Dinner at 6:30 P. M. Meet- 
ing at 8:00 P.M., Carolina Dines. 

CENTRAL ILLINOIS 

Thomas A. Carroll, 721 Hurlburt St., 
Ill. Tel.: Peoria 4-8909 

First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M. 

March 7, “Principles of Automatic Control,” 


Peoria 6, 


ISA Color & Sound film by G. F. Akins, 
J. Kowalski, FE. Kodak Co. 
CENTRAL INDIANA 
Richard F. Rieman, 3550 Euclid St., Indian- 


apolis, Ind. Tel. CH 7462 


First Tuesday. Meeting at 7: 


CENTRAL NEW YORK 


30 P. M. 


Karl W. Robertson, Minneapolis-Honeywell 
Reg. Co., 121 W. Onondaga St., Syracuse, 
New York. 

CHARLESTON 


Fred Gilmer, 415 Bibby St., Charleston, W. Va. 

First Monday, Dinner at 6:15 P.M., Meeting 
at 8:00 P.M., Kanawha Hotel 

March 5, “‘Telemetering,” W. E. 
tol Co. 

April 2, “Design of Electrical Systems for 
Measurement and Control,” C. L. Saunders, 
Wheelco Inst. Co. 

CHICAGO 

Floyd FE. Ertsman Rm 
S. Dearborn  St., 
WE 9-0686 

First Monday, Dinner at 6:30 P. M., Meeting 
at 8:00 P. M., Shoreland Hotel. 

March 5, “Basic Errors in Testing,” W. A. 
Wildhack, Natl. Bur. Stds. 


Rufleth, Bris- 


1420 Fisher Bldg., 343 
Chicago 4, Ill. Tel: 


April 2, “Unattended Booster Station on Pipe 
Lines,” J. P. Heddin, Standard Oil Pipe 
Line Div. Regional Joint Meeting with 


Northern Indiana Section. 
CHINA LAKE 
A. H. Staud, 1004 Michelson Lab., USNOTS, 
China Lake, Calif. Tel: 77882 
Fourth Thursday, Meeting at 
Michelson Lab, USNOTS. 
CINCINNATI 
L. W. Greene, 181 Market St., Aurora, Ind. 
Second Monday, Meeting at 8:00 P.M., Eng’r. 
Society Has. 


8:00 P.M., 


CLEVELAND 
A. E. Ehrke, 5805 Euclid Ave., Cleveland, 
Ohio. Tel: WI 3-1036 
Fourth Wednesday. Dinner at 6:30 P.M., 
Meeting at 8:00 P.M., Cleveland Eng’r. 
Society, E. 19th St. 

COLUMBUS 
W. C. Myers, c/o Battelle Memorial In- 


stitute, 505 King Ave., Columbus, Ohio. Tel: 
UN 3191, Ex. 248 

Third Thursday, Meeting at 8:00 P.M., Battelle 
Auditorium 


CUMBERLAND 
Clyde Babst, 225 Cecilia St., Cumberland, Md. 
Tel: 582-W 
Tuesday after Fourth Monday, 8:00 P. M., 
Dinner at 6:30 P. M., Algonquin Hotel. 
DETROIT 
A. W. Brueckner, 5556 S. Clarendon Ave., 


Detroit 4. Mich. Tel: TYler 6-9511. 
Third Tuesday, Dinner at 6:30 P.M., Meeting 


at 8:00 P.M.. Rackham Bldg. 

March 20, “Engine Indicators,” E. Géillig, 
Ethyl] Corp. 

April 17, “Recent Developments in Cathode 
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Ray Oscilloscopes,” S. Sterling, S. Sterling 
Cc 


0. 
ew NEW YORK 
R. es a c/o Gen. Engrg. & Consulting 


"han, Schenectady, N. 
First Tuesday, piener at 6:30 P.M., Meeting 
at 8:00 P.M 
GULF COAST 


W. N. Sloan, E. I. Du Pont de Nemours & Co., 
Orange, Texas. Tel: 8411 Ext. 444 

Third Tuesday. Meeting at 7:30 P.M., Lamar 
College, Beaumont, Texas. 


HOUSTON 
I. K. Farley, 2123 Travis St., 
Tel: Charter 2511. 
Last Monday, 8:00 P. M., 


KANSAS CITY 
L. E. Oberhelman, ae Oil Co., Sugar 
Creek, Mo. Tel: MU 
First Tuesday, Meeting = 5 :30 P.M., Univ. of 
Kansas City. 
March 6, “Coordinated Control Systems and 
Graphic Panels,” A. F. Sperry, Panellit, Inc. 
April 3, “High Pressure Instrumentation,” 
C. E. Balcerzak, Bur. Mines, Louisiana, Mo. 


LOUISVILLE 
C. M. Bosworth, 203 Arbor Park, N., 

ville, Ky. 
Fourth Tuesday, Meeting at 8:00 P.M., Sea- 

gram Auditorium. 


MONTREAL 
S. J. Mizuhara, 1075 Allard, Verdun, Quebec, 
Canada. Tel: TR 3252 
Last Monday, 8:00 P. M., 


NEW JERSEY 

Fred L. Crabbe, 
Inc., 41 East 42nd St., 
Tel: Vanderbilt 6- 2960. 

First Tuesday, Dinner at 6:00 P. M. Meeting 
at 8:00 P.M., Essex House, Newark. 

March 6, “Pneumatic Computing Relays and 
Their Place in Control Circuits,” M. J. 
Boho, Hagan Corp. 

April 3, “‘Panel Board Design,”’ Symposium 
beginning with luncheon at noon, and re- 
sumed after dinner in the evening. Essex 
House Hotel. 


NEW ORLEANS 
W. H. Haney, 2927 Music St., N. O. 22, La. 
Nu Regular Date, Meeting at 8:00 P.M. 


NEW YORK 

F. B. Leslie, 8856 Commonwealth Blvd., Belle- 
rose 6, N. Y. Tel: FI 7-0645 

Last Monday, Dinner at 6:00 P.M., Meeting at 
7:45 P. M., Hob Nob Club, 108 E. 41st St. 

Feb. 26, “Manometer Applications in Industry,” 
A. A. Hejduk, Vice-pres., Meriam Instru- 
mert Co. 


NIAGARA FRONTIER 

Mrs. James L. Martin, 697 ‘——_ Ave., 
Buffalo 22, N. Y. Tel: GR 145 

Fourth Monday, Dinner at 6:00 °PM., Meeting 
at 8:00 P.M., N. Y. State Inst. of ‘Arts and 
Sciences, Buffalo. 

Feb. 26, Inspection Trip to Westinghouse plant 
at Cheektowaga, N. 

March 26, H. W. Barrett, 


NORTH TEXAS 
R. E. Byers, 6000 Lemmon Ave., 


NORTHERN CALIFORNIA 

S. D. Stillson, 1324 Everett St., 
Calif. Tel. Becon 2-7139 

Third Monday, 8:00 P. M., E. Bay Area. 

March 19, “Gvroscopic Principles & their 
Uses,” N. Thompson, Sperry Gyroscope, 
East Bay. 

April 16, “Basie Control 
Paul Hoyt, Shell Dev. Co. 


NORTHERN INDIANA 
J. Baum Beckman, 647 N. Waller Ave., Chi- 
cago 44, Ill. Tel: ES 8-7776 


Houston, Texas, 


Engineers Club. 


Louis- 


Mechanics’ Institute. 


Maleolm W. Black & Co., 
New York 17, N. Y. 


Buffalo Meter Co. 
Dallas 9. 


El Cerrito, 


Instrumentation,” 
East Bay. 


First Wednesday, Meeting at 7:30 P.M., 
Whiting Community Center, Whiting, Ind. 
OAK RIDGE 


John H. Clark, 230 Canton Hall, Oak Ridge, 
Tenn. Tel: 5-9142 

First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M., Oak Terrace. 


ONTARIO 
John W. Huether, 311 Southerland Dr., Lea- 
side, Ontario, Canada. Tel: HU-7114 
Third Thursday, Meeting at 8:00 P.M. Friend- 
ship Hall, College St. United Church, Toronto 


PANHANDLE 
R. E. Harris, mJ Mays Bidg., Amarillo, 
Texas. Tel.: 
Third Tuesday, ne at 8:00 P.M. 
PHILADELPHIA 


R. R. Trenner, Rm. 
Philadelphia 82, Pa. 

Third Wednesday, Meeting at 8:00 P.M., Bell- 
vue Stratford Hotel. 


306, 3147 Broad St., 


Feb. 21, ‘“‘Instrumentation Problems Encvunt- 
ered on his recent trip to Europe,” A, 
Krieg, Socony-Vacuum QOil Co. 

PITTSBURGH 


Miss Louise Suckfield, P.O. Box 2038, Pitts. 
burgh 30, Pa. Tel: HI 1-1800 

Fourth Monday, meeting jointly with the 
Technical Committee on Inspection and 
Gaging. Dinner at 6:30 P.M., Meetings at 
8:00 P.M., Roosevelt Hotel. 

“An Improved Pneumatic Control 
System,” R. E. Clarridge, Taylor Inst. Co. 
Inspection Committee Speaker: N. Bowers, 
American Petroleum Institute, ‘Inspection 
Practices in European Pipe Mills.” 

March 28, 29, “Instrumentation in the Steel 
Industry,’’ two-day conference, ten papers. 
Carnegie Inst. Technology. 


PRESQUE ISLE 


Edwin P. Schuwerk, 445% Halley St., L. P., 
Erie, Pa. Tel: 2-3349 

Fourth Tuesday, Meeting at 8:00 P.M., E. 
Community Center, East Lake Rd., Me ‘Pa. 


RICHLAND 
R. A. Nederhood, _— Trippe, Richland, Wash- 
ington. Tel. 5-444 
Second oy Meeting at 7:30 P.M., 
American Legion Hall. 


ROCHESTER 
R. C. Schwarz, Jr., 1201 Granite Bldg., 
Rochester 4, N. Y. Tel: Monroe 4610R 
Fourth Tuesday, Meeting at 8:00 P.M., Univ. 
of Rochester, Physics Lecture Hall. 


SARNIA 
J. J. Connors, 
Canada. Tel: 1970 W 
Second Friday, 8:00 P. 


SOUTH MICHIGAN 
W. J. Sprau, 2509 S. Rose St., 
Mich. Tel: 4-7012. 
Fourth Wednesday, 8:00 P. M., Dinner at 6:30 
P. M., Chicken Charlie’s, Kalamazoo. 


SOUTH TEXAS 
H. C. Givens, La Gloria oe P.O. 637, Fal- 
furrias, Texas. Tel: 122-W 
First Thursday. Meeting at 7:30 P.M., Garner 
Aircraft Instrument School. 


272 Elgin St., Sarnia, Ontario, 


M., Moose Hall. 


Kalamazoo, 


ST. rer 
W. G. Lee, —_ Delor St., St. Louis 16, Mo. 
Ta: FL 8 


First the ll Meeting at 8:00 P.M., Engi- 
neer’s Club of St. Louis. 

March 7, ‘‘Coordinated Control Systems and 
Graphic Panels,” A. F. Sperry, Panellit, Inc. 

April 4, “High Pressure Instrumentation,” 
C. E. Balecerzak, Bur. Mines, Louisiana, Mo. 


TOLEDO 
Morris L. Conner, 925% 
Ohio. Tel: MA 9403 
Third Tuesday, Meeting at 8:00 P. M., Service 
Bldg., Toledo Edison Co. 
March 3, “Principles of Automatic Control,” 
ISA Color-Sound film. 


TENNESSEE 
N. M. Taylor, 16 Edgewood, Kingsport, Tenn. 
Tel: 33383 
No definite night, Dinner at 6:45 P.M., Meet- 
ing at 8:00 P.M., Hall’s Dining Rm., Bristol 
Hwy., Kingsport. 


Sherman St., Toledo, 


TULSA 
J. J. Fox, Phillips Petroleum Co., Phillips 
Bldg., Bartlesville, Okla. Tel: 6600 
Ext. 501. 


First Monday, Meeting at 7:30 P.M., Engi- 
neering Bldg., Tulsa Univ. 

March 5, “Coordinated Control Systems and 
Graphic Panels,” A. F. Sperry, Panellit, Inc. 

April 2, ‘High Pressure Instrumentation,” 
C. E. Balcerzak, Bur. Mines, Louisiana, Mo. 


TWIN CITIES 
Alden Hine, c/o Pinkney & Hine, 552 Ply- 
mouth Bldg., Minneapolis 3, Minn. Tel.: 
Lincoln 0523. 
Fourth Tuesday, Dinner at 6:30 P.M. Coff- 
man Memorial Union, U. of Minn. 


WASHINGTON 
Raymond E. Miller, 20-224 Naval Ord. Lab., 
White Oak, Md. Tel: JU 17-6742 
Third Monday, Meeting at 8:00 P.M., P. E. P. 
Co. Auditorium. 
April 16, “Principles of Automatic Control,” 
ISA Color-Sound film. 


WAYNE COUNTY 
Robert Karr, 2455 Biddle Ave., 
Michigan. Tel. 0167J 
Third Monday, Meeting at 8:00 P.M., Larson’s 
Cafe, Lincoln Park, Mich. 
Feb. 20, “Principles of Automatic Control,” 
ISA Color-Sound film. 


WILMINGTON 
J. E. Charsha, Jr., Hammel-Dahl Co., 
Washington St., Wilmington 11, Del. 
Third Tuesday, Meeting at 4:00 P.M. 
Public School, Wilm. 


Wyandotte, 


1000 


Harlan 


Page 210—Instruments—Vol. 24 





N . 
Orn 
years 0 
that th 
groups 
tion an 
accordil 
ganizin; 
official 
the Boz 
order | 
Detroit 
1100 me 
Directo} 
the firs 
held in 

In th 
developé 
ture, ac 
tion, 2g? 
practice 
use of 
national 
a vital 

Confe 
been he 
Louis a 
tions ha 
bership 
achievec 
nical ac 
being tl 
confere! 
The Am 
Americé 
neers, T 
trical E 
Radio |] 
today it 
the indi 

Finan 
The Bog 
dom in 
income. 
and the 
possible 
the ann 
found t 
due to ° 
tions, it 
Exhibit, 
will hav 
Exhibit 
crease il 
Society 
reasons. 
crease ii 
the nec 
Rimback 
he has | 
sation e 
ety. The 
Society 
mittee, : 
gently, | 
answer. 

Futur 
occur ir 
of existi 
coverage 
plete, ar 
any greg 
of Secti 
ities do 
techniciz 
which w 
structur 
covered 
ities. P 
ample is 
gaging. 
Section 
metal-w« 
untappec 
whose n 
present 


February 


unt. 
-_ * 


> itte. 


the 
and 
S at 


ntrol 

0. 
vers, 
ction 


Steel 
pers, 





A Message From The President 


N JANUARY 17, 1951 the Instru- 
O ment Society of America was five 
years old. It was on that date in 1946 
that the tenth of the local organizing 
groups ratified the original Constitu- 
tion and By-Laws, which meant that, 
according to the agreement of the or- 
ganizing groups, the Society came into 
official existence. The first meeting of 
the Board of Directors was called to 
order by President A. F. Sperry in 
Detroit on April 5, 1946. Approximately 
1100 members were represented by the 
Directors at the meeting. In September, 
the first Conference and Exhibit was 
held in Pittsburgh. 

In these five years, the Society has 
developed a practical operating struc- 
ture, achieved a sound financial posi- 
tion, grown geographically to include 
practically all important centers of the 
use of instrumentation, and achieved 
national and world-wide recognition as 
a vital factor in technology. 

Conferences and exhibits have also 
been held in Chicago, Philadelphia, St. 
Louis and Buffalo. The number of sec- 
tions has increased to 51, and the mem- 
bership to over 4300. The Society has 
achieved full recognition for its tech- 
nical accomplishments, a single example 
being the participation in the annual 
conference by such organizations as 
The American Institute of Physics, The 
American Society of Mechanical Engi- 
neers, The American Institute of Elec- 
trical Engineers and The Institute of 
Radio Engineers. We can take pride 
today in the status of our Society in 
the industrial and technical fields. 

Financially, the history is very sound. 
The Board of Directors has shown wis- 
dom in keeping expenditures within 
income. However, this has been possible, 
and the life of the Society has been 
possible, only due to the profits from 
the annual Exhibits. Means must be 
found to relieve this dependence. If, 
due to war or other emergency condi- 
tions, it becomes impossible to hold an 
Exhibit, supplemental means of income 
will have to be developed to replace the 
Exhibit profit. In addition, a sharp in- 
crease in the expense of operating the 
Society must be expected, due to two 
reasons. The first is the general in- 
crease in price level, and the second is 
the necessity of relieving Secretary 
Rimbach of the burden of office, which 
he has been carrying without compen- 
sation ever since the start of the Soci- 
ety. The Executive Committee, and the 
Society Structure and Planning Com- 
mittee, are studying this question dili- 
gently, but to date have found no easy 
answer. 

Future growth of the Society will 
occur in the increase in membership 
of existing Sections. Our geographical 
coverage by now is substantially com- 
plete, and it is not to be expected that 
any great increase will occur in number 
of Sections. However, great opportun- 
ities do exist for serving the needs of 
technicians and engineers in_ fields 
which we have covered in our national 
structure and meetings, but have not 
covered intensively in our local activ- 
ities. Probably, the outstanding ex- 
ample is in the field of inspection and 
gaging. In this case, the Pittsburgh 
Section has already shown that every 
metal-working center possesses a large, 
untapped body of potential membership 
whose needs are not being served at 
present by ISA, or any other Society. 
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In the Pittsburgh Section program, 
joint dinner meetings are held, after 
which the parent group holds its tech- 
nical program, while the inspection and 
gaging group holds its own meeting 
separately. Two or three other Sections 
are starting activity in this field, and 
I strongly urge all! Sections, particu- 
larly those where there are substantial 
numbers of metal working plants and 
machine shops, to start promotion of 
this activity. In the light of present 
world conditions, this 1s not only de- 
sirable from the standpoint of the 
Society, but a patriotic duty. The Sec- 
tions and Membership Committee will 
be very glad to assist in making a start 
in such activity. 

Other fields in which our efforts have 
been rather sporadic have been those 
of Analysis, l'ransportation and Test- 
ing. These will be very rewarding to 
Sections which will put some time, 
thought and energy into providing fa» 
cilities for the expression of the interest 
of technical people engaged in such 
work. It is in such fields, wnere methods 


and apparatus are not standardized 
even to the small extent of those in 
the industrial field, that technicians 
and engineers, research physicists and 
chemists, instrument makers and de- 
signers, will find the interchange of 
ideas and methods most helpful. 

There are other fields of application 
and instrument design, such as radi- 
ation and biochemistry, which we have 
not attempted to cover as yet, either 
nationally or locally. The Technical 
Division is studying the desirability of 
starting activity in these. Undoubtedly, 
there is valuable work to be done in 
them, but it is my very strong feeling 
that the most valuable work that can 
be done in the Society at the present 
time is the development by the lucal 
Sections of the increased. membership 
possible from the latent interest in 
fields which the Society is already 
supposed to cover. Results of the efforts 
of some Sections show that the growth 
is possible. All that is required is some 
hard, thoughtful work by members and 
officers of local Sections. The results 
will be very rewarding to those who 
make the effort. 


—J. B. MCMAHON, President 


PITTSBURGH SECTION CONFERENCE 
“Instrumentation in the Steel Industry” 


The Pittsburgh Section of the Instru- 
ment Society of America with the Car- 
negie Institute of Technology will co- 
sponsor a conference on “Instrumenta- 
tion in the Steel Industry.” The 
meetings will be held March 28 and 29, 
1951 at Carnegie Institute of Technol- 
ogy in Pittsburgh, Pa. 

The Pittsburgh Sections of the fol- 
lowing National Societies are cooperat- 
ing with the Instrument Society: the 
American Institute of Electrical Engi- 
neers, the American Institute of Min- 
ing & Metallurgical Engineers, the 
American Iron and Steel Institute, the 
American Society for Metals, the Amer- 
ican Society of Mechanical Engineers, 
the American Society for Testing Ma- 
terials, the American Welding Society, 
and the Engineers Society of Western 
Pennsylvania. 

All industries are urged to send their 
engineers and production men to these 
sessions offering information of value 
to their companies. Further details 
can be obtained from H. R. Fulton, 
Publicity Chairman, 902 Oliver Build- 
ing, Pittsburgh. 


CONFERENCE PROGRAM 
FORUM ON PNEUMATIC, HYDRAULIC 
AND ELECTRIC SERVOMECHANISMS 


The forum will be conducted by a 
three-man panel composed of the follow- 
ing members: 

Elwood T. Davis, Leeds & Northrup 
Company, who will present a paper on 
“Electric Servomechanisms”; H. Zie- 
bolz, Askania Regulator Company, the 
paper on “Hydraulic Controls’; and 
A. A. Markson, Hagan Corporation, 
the paper on “Pneumatic Controls.” 

Other papers include: 

“Comparison of Methods of Measuring Molten 
Metal Temperatures’ by J. W. Perey, U. 
Steel Corporation. 

“Instrumentation in Controlling the Welding 
Variable’ by Julius Heuschkel, Westinghouse 
Electric Corporation. 


“Instrumentation and Control in the Utiliza- 
tion of Mixed Fuels and Oxygen in Open 
Hearth Furnaces’ bv Martin J. Conway, Con- 


sulting Engineer, and Edward H. Cauger, Wheel- 
ing Steel Corporation. 

“High-speed Reheating of Seamless Steel 
Tubes” by H. W. Cox, National Tube Company. 

“Methods for Sorting Mixed Metals’ by An- 
thony Doschek of Doschek Associates. 

“A Thermal Couple System for Molten Metal 
Temperature Measurement’ by Lester Veiock, 
Heppenstall Company. 

“The Industrial Application of the X-ray to 
the Inspection of Steel Castings” by J. N. Fla- 
nagan, Pittsburgh Ordnance District, Ordnance 
Corps., U.S. Army. 


Ts setienemnimmii nin 
George £. Breece 


It is with deep regret that the New Jersey 
Section announces the death of their member 
George E. Breece. He had been a member of 
this section since April 1948. 


Banid PF. Lupton 


The Wayne County Section, ISA, sorrowfully 
announces the death of one of its members, 
David P. Lupton, of Huntington Woods, Mich. 
Mr. Lupton, a member since October of 1949, 
died November 14, 1950. 


1951 MEMBERSHIP CAMPAIGN 
Continued from page 13 


and attend Section activities, the So- 
ciety expansion will necessarily follow. 

Sometime ago on this page there 
appeared an article entitled “Ten Ways 
to Kill a Society,” a negative approach 
designed to illustrate the methods of 
Society participation. Here is the posi- 
tive side: 

Go to your Section meetings. Arrive 
early. Go out of your way, break other 
engagements to attend the meetings. 
Cooperate with your fellow members. 
Accept office. Accept committee appoint- 
ments and contribute to the work of the 
committees. Give your opinion freely, 
speak up. Do more than is _ neces- 
sary, work unselfishly. Pay your dues 
promptly. Get new members. Talk up 
the Society to your fellow workers. 
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Abstract. This paper discusses the instrumen- 
tation of a large steel mill, and some of the 
problems encountered in metering and con- 
trols. Brief description is given of experimenta- 
tion on Noble thermocouple compensating lead 
wire. Adequate shop facilities and trained per- 
sonnel are prime requisites of an _ efficient 
instrument department. The paper also describes 
laboratory equipment. 

Instrumentation in a large industrial 
plant differs so widely from a utility 
plant, that the organization and func- 
tion of an instrument service depart- 
ment presents many unusual and in- 
teresting problems. Each instrument 
department in the various plants will 
encounter conditions peculiar to the 
industry, or branch of industry, that 
it services. This paper, describing the 
instrument maintenance in a_ large 
steel plant, will deal directly with steel 
mill problems. 

During the past several years, the 
steel industry has become increasingly 
conscious of instruments and instru- 
ment control. The rising cost of labor 
and material demands, more than ever, 
economy of operation and closer ad- 
herence to specifications. In view of 
this situation more and more responsi- 
bility has been placed on instrument 
departments for closer quality control 
and the use of thoroughly trained per- 
sonnel. The problem of training this 
personnel has been lessened noticeably 
in recent years through the introduc- 
tion of a training course for instru- 
ment repairmen apprentices. 

The meter and instrument depart- 
ment of a large steel plant is, of neces- 
sity, divided into groups or sub-divi- 
sions consisting of: 1. Electrical Meter 
Group, 2. Pyrometric Group, and 3. 
Mechanical Group. 

Each of these groups should contain 
instrument men trained for specific 
problems peculiar to the equipment 
they service, such as: 

The Electrical Group must be quali- 
fied to install, maintain and repair: 
(a) a,c. and d.c. electrical indicating 
instruments, (b) a.c. and d.c. electrical 
recording instruments, (c) a.c. and d.c, 
watthour meters, and (d) a.c. and d.c. 
power relaying equipment. Maintain, 
repair and calibrate: (a) portable ro- 
tating standards, (b) portable indicat- 
ing standards, (c) repair and test in- 
strument transformer equipment, and 
(d) understand switchboard wiring — 
layout and wire meter and relay panels. 

The pyrometric group should be 
qualified to install, maintain and re- 
pair: (a) thermal type temperature 
indicating and recording equipment, 
(b) millivolt-meter type indicating and 
recording equipment, (c) mechanical 
type potentiometer indicating and re- 
cording equipment, (d) electronic type 
potentiometer indicating and _ record- 
ing equipment, (e) fabricate, test and 
repair base and noble metal thermo- 
couples, (f) install, calibrate, main- 


*Carnegie Illinois Steel Corp., South Works, 
Chicago, Il. 

NOTE: Presented before the Fifth Annual 
Convention of the Instrument Society of America, 
at Buffalo, N. Y., Sept. 12-18, 1950. 

Statements and opinions expressed in these 
articles are those of the author and not neces- 
sarily those of the Society. 
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Instrument and Control Maintenance In A Steel Mill 


By J. H. CUTHBERT * 


tain and repair optical and radiation 
type temperature indicating and re- 
cording equipment, (g) maintain, re- 
pair and calibrate laboratory and port- 
able type potentiometer standards, and 
(h) install, maintain and repair me- 
chanical, electrical and electronic types 
of pyrometric equipment. 

The Mechanical Group should be 
qualified to install, maintain and re- 
pair: (a) pressure and thermal types 
of indicating and recording meters, 
(b) positive displacement types of flow 
metering equipment, (c) diaphragm, 
pilot operated and electrical types of 
pressure, liquid level and flow controls, 
(d) orifice type mechanical, indicating 
and recording flow metering equip- 
ment, (e) pneumatic and hydraulic 
controls for flow, combustion and liquid 
level, and (f) electronic type flow, 
combustion and liquid level controls. 

From the above listing we can real- 
ize the prodigious amount of special- 
ized maintenance responsibility incur- 
red in a steel plant instrument depart- 
ment. 

To carry out this responsibility the 
instrument shop or laboratory must be 
designed to accommodate the various 
types of precision equipment required 
to test these facilities adequately. 
Storage space must be provided to 
stock the thousands of spare parts that 
are required to service this equipment. 
Proper facilities for housing of pre- 
cision standards and extreme care in 
handling same, is of utmost importance. 

In directing attention to the photo- 
graphs, we observe that Fig. 1 illus- 
trates an electrical test board in the 
laboratory, designed to test any type 
of electrical instrument. The switches 
and terminals can be arranged to sup- 
ply a.c. or d.c. volts, a.c. or d.c. amperes, 
millivolts, and power factor. 

Fig. 2 illustrates a laboratory test 
furnace having a range of zero to 2400° 
F., used for testing base and noble 
metal thermocouples. A semi-precision 
potentiometer is used for this testing, 
with a radial switch for cutting in the 
different thermocouples under test. The 
furnace temperature is controlled by 
the two instruments above the furnace. 
The upper instrument controls the 
furnace by thermocouple up to 1600° 
F., at which point it automatically 
cuts in the lower instrument which 
then controls the furnace by rayotube 
up to 2400° F. 

Fig. 3 illustrates the test equipment 
used for calibrating optical pyrometers. 

Fig. 4 illustrates the test equipment 
used for calibration of positive dis- 
placement meters. 

Considerably more equipment than 
that exhibited on the slides is required 
to establish a complete instrument 
laboratory for servicing industrial in- 
struments. 

Primarily, it is the duty of engin- 
eering or research units to specify the 
instrumentation and installation on 
new equipment, while the instrument 
service department accepts responsibil- 
ity for its subsequent efficient opera- 
tion. This condition places considerable 
stress upon the technical ability of the 


while 


duties, 
theoretically restricted to the instru- 
ment itself, also require that he must 
know good installation practice and its 
relation to control of various processes, 

The open hearth represents one of 
the greatest challenges to instrument 


serviceman, since his 


control engineers. It is the largest 
consumer of fuel, per ton of product, 
in the steel industry and the most 
difficult unit in which to apply stand- 
ard instrument equipment. Most open 
hearths require costly maintenance be- 
cause of atmospheric conditions both 
inside and outside the furnace area, 
Extremely high temperatures are cre- 
ated which are usually beyond the 
range of all but rare metal and radia- 
tion equipment. Excessive vibration and 
high ambient temperatures are very 
common. 

Standard equipment on the modern 
open hearth includes instruments and 
controls that require continuous and 
diligent maintenance and is_ usually 
equipped with pneumatic or hydraulic 
controls, or both; temperature record- 
ing and controlling devices; furnace 
pressure recording and _ controlling; 
various flow indicators; pressure indi- 
cators, and smoke _ recorders. This 
equipment includes checker tempera- 
ture recorders; radiation units for con- 
trolling roof temperatures; fuel-air 
ratio controls; oil to gas ratio con- 
trols; automatic reversing controls and 
bath, or liquid steel temperature re- 
corders. 

Bath temperature recorders have im- 
proved in design during the last two 
or three years and apparently will soon 
qualify for acceptance as an operating 
tool. There are two types of measuring 
devices for liquid steel temperature 
measurements available; one uses a 
noble metal thermocouple consisting of 
platinum-platinum rhodium wire; the 
other utilizes a radiation unit or blow 
tube. Both of these units require spe- 
cialized maintenance from the instru- 
ment service department, particularly 
the recording instrument, which is of 
the high speed electronic type. Our 
experience has been limited to the 
thermocouple type instrument, using a 
thermocouple assembly illustrated in 
Fig. 5. In all installations of this type, 
the design of the thermocouple is of 
primary importance both from a main- 
tenance viewpoint, and the cost of the 
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Fig. 1 (Top) 


assembly. One of the major problems 
encountered is the heat gradient at the 
head of the assembly; in most cases it 
is necessary to place the cold junction 
far enough back to eliminate any errors 
due to overheating of the compensat- 
ing lead wire. 

We have conducted some experi- 
ments on the noble metal compensat- 
ing lead wire to determine the feasi- 
bility of extending this lead wire to 
within six inches of the hot junction 
in taking bath temperature measure- 
ment. From previous experimentation 
it has been concluded that the tempera- 
ture at the junction of the platinum- 
rhodium thermocouple with the com- 
pensating lead wire does not exceed 
200 to 300° F. while the actual bath 
temperature is being measured. It was 
also concluded that after the reading 
has been taken and the measuring de- 
vice removed from the furnace, the 
temperature at the junction increased 
to a maximum of approximately 1000° 
F. It was therefore necessary to test 
the compensating lead wires to ascer- 
tain the effect of the junction tempera- 
ture upon the accuracy of the thermo- 
couple and also to determine if the 
lead wire was affected in any way by 
being subjected to high temperatures 
after taking the measurement of the 
bath temperature. 

A thermocouple was made, using the 
compensating lead wire normally used 
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Fig. 3 (Bottom) 





Fig. 2 (Top) 


to connect platinum-platinum rhodium 
thermocouples to the measuring device. 
This couple was then inserted into a 
small electric furnace, heated to in- 
creasingly greater temperatures, then 
allowed to cool. A study of Fig. 6 will 
reveal that the thermal characteristics 
of the wire apparently affected very 
little. 


Another complicated installation and 
maintenance problem in a modern 
open hearth results from the general 
use of various fuels. The device for 
measuring these fuels in gallons per 
minute, or per hour, has to be inter- 
connected with, or be part of, a control 
system. The maintenance, calibration 
and accuracy of this equipment again 
falls into the responsibility scope of 
the instrument service department. 

In setting up a test unit to calibrate 
positive displacement meters, a simple, 
yet effective method was devised. Fig. 
7 shows clearly a practical method for 
calibrating this type of meter to with- 
in one half of one per cent. Two tanks 
are used, one of 75 gallon capacity for 
oil storage; the other, a 50 gallon cali- 
brating tank, is so designed that the 
top section or stack will accommodate 
about 10 gallons. A water gauge glass 
(Fig. 8) is installed adjacent to this 
stack so that one gallon increments 
can be inscribed on the glass, or a 
scale (divided into one gallon values) 


Fig. 4 (Bottom) 


can be placed alongside the glass. By 
pumping oil through the meter under 
test and comparing its readings with 
the number of gallons indicated on the 


water glass, an accurate calibration 
can be obtained. The aforementioned 
applications and problems associated 
with the use of instruments in the 
open hearth afford some idea of the 
development work accomplished in this 
field. 

Other departments in a steel produc- 
ing plant are confronted with similar 
problems. Calibration of radiation units, 
both the lens and mirror type, is a 
major responsibility. These radiation 
units are used in taking soaking pit 
temperature measurements, blast fur- 
nace stove dome temperatures, and for 
rolling temperatures. Some of the steel 
plants use base and noble metal ther- 
mocouples for this purpose; however, 
our experience has shown a_ lower 
maintenance cost in the use of radia- 
tion tubes over the use of thermo- 
couples. 

Maintenance of this type equipment 
in the field requires competent and 
well trained journeymen who under- 
stand the proper use of an optical pyro- 
meter in making calibrations. 

The rolling mill reheating furnaces 
are equipped with temperature record- 
ers and controllers, fuel ratio controls, 
and furnace pressure controls. Flow 
indicators showing the amount of fuel, 
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usually natural gas, blast furnace gas, 
and air, are of prime importance to 
the fuel engineer. The accuracy or in- 
accuracy of this equipment on a re- 
heating furnace can mean the differ- 
ence between normal and abnormal 
fuel costs. 

In the use of natural and blast fur- 
nace gas throughout the plant, the ori- 
fice type flow meter is used extensively 
for measurement of these fuels. In both 
open hearths an individual flow meter 
is used to measure the gas used in 
each of the 28 furnaces. A main meter 
is located on the gas main entering the 
building. All of these meters are read 
every 24 hours and to obtain a balance 
of 14 different readings to one totalizer 
has been a problem of long standing. 

To derive close tolerance between 
our totalizers and furnace meters, it 
is necessary to conduct frequent cali- 
bration tests. In the plant are four 
meters that measure approximately 
80 per cent of the total natural gas 
consumption. These meters are tested 
on a bi-weekly schedule; other meters 
used on natural gas are tested month- 
ly or bi-monthly, depending on the im- 
portance of the installation. 

Blast furnace gas is perhaps the 
most difficult of all fuels on which to 
obtain accurate flow measurements. 
Most of the present day metering 
equipment will perform satisfactorily; 


however, the orifice plate located in a 
blast furnace gas main receives so 
much abuse from water and sludge 


that the accuracy of a flow meter is 
seriously affected. At some locations in 
the plant, the mains as well as the 
orifice plate receive a weekly flushing 
with live steam. 

In recent years, central dispatching 
offices have been established in the 
larger plants for controlling the usage 
and amount of power, fuels and steam 


required by the operating units. The 
panel boards for load and fuel dis- 
patchers usually consist of various 


types of instruments that indicate and 
record steam, gas and power being 
manufactured and used at predeter- 
mined points in the plant. The steam 
control board is equipped with flow 
recorders capable of indicating steam 
production at distances up to a mile 
from the dispatching office. The blast 


furnace and natural gas board is 
equipped with flow and pressure re- 
corders indicating the gas pressures 


and amount of fuel being used in dis- 
tant locations throughout the plant. 
The electric panel records and inte- 
grates both the power output of the 
generating stations and the power ac- 
tually consumed by plant equipment. 
Included is an instrument that records 
the power exchange over a 66,000 volt 
line connecting South Works and Gary 
Works (a distance of 20 miles). 

The metering installation in the cen- 
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tral dispatching office is tested and 
serviced by two men regularly assigned 
to this location to overhaul, clean and 
calibrate this equipment at frequent 
intervals. A telemetering cable connects 
the transmitting units in the plant to 
the recording devices. A telephone jack 
at these transmitting units, connected 
to one telephone jack in the dispatch- 


ing office, is provided for use by the 
instrument men. 
Several hundred control units are 


maintained by the Instrument Depart- 
ment. The majority of these controls 
are hydraulically operated and must be 


maintained in efficient working order 
to effect real economy in steel pro- 
duction. 


In general, two systems are employed 
in most instrument maintenance work. 
Some plants control and direct all their 
maintenance from one central point 
while others may use two or more spe- 
cialized groups who confine their ac- 
tivities to one department, or perhaps 
to one general class of equipment. The 
concensus leans toward the use of one 
central instrument maintenance group, 
where the aptitude and training of 
personnel can be extended into com- 


binations of instrument work. 
It has been demonstrated that an 
efficient instrument maintenance de- 


partment should not attempt to rely 
solely upon personnel working within 
the department to insure proper hand- 
ling and operation of costly and fragile 
reason every 
cau- 
operators 


instruments. For this 
opportunity is utilized to advise, 


tion or demonstrate to in 
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the control rooms within the producing 
units the function of this equipment 
so they will have a thorough know- 
ledge of its scope and limitations. 

The total personne. required to effi- 
ciently handle a well-coordinated in- 
strument and control maintenance pro- 
gram has been the subject of frequent 
controversy over a period of years. 
This condition is dependent largely 
upon the number of instruments as- 
signed to each serviceman, the import- 
ance of the instruments and the process 
involved, rather than delineation by 
types or manufacturer. In our plant, 
the servicemen are assigned to specific 
areas regardless of the number of in- 
struments operating in each area. 
These men remain on their particular 
assignment until they become thor- 
oughly versed in all minute details of 
the equipment maintained and _ the 
process being measured and controlled. 
Also, under this arrangement they 
develop a mutual acquaintanceship 
with the operating personnel, and gain 
an intimate knowledge of plant physi- 
cal lay-out enabling them to _ reach 
locations of breakdowns or emergency 
conditions without delay. This combina- 
tion of experience reduces and mini- 
mizes outage time on replacement of 
equipment. 
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Fig. 7. 


The number of men assigned to the 
operating units ranges from two to 
five, the figure being governed by the 
area involved. In these various groups, 
top rate journeymen are responsible 
for the general conduct and produc- 
tiveness of the men as well as the con- 
dition and accuracy of the equipment 
being maintained. A gang leader in 
the field supervises all activities and 
participates in the work whenever and 
wherever it is necessary to expedite 
any particular phase of the project. 

In the Meter Laboratory another 
gang leader assigns and supervises all 
shop work, handles incoming trouble 
calls, checks material and prepares 
orders for both store and special order 
materials and equipment. 

We have found it very expedient to 
have all personnel report to the lab- 
oratory in the morning before proceed- 
ing to their respective areas or work 
location and repeat this action shortly 


before quitting time. This arrangement 
affords the group an opportunity to 
discuss the many problems entailed in 
this type of work and possibly evolve 
satisfactory solutions. We believe these 
discussions not only create a congenial 
relationship between the men but also 
provide increased maintenance exper- 
ience and improved job methods. 

This plant does not enter into any 
service contracts with instrument man- 
ufacturers except on sealed thermal 
elements, such as the mercury or gas 
filled systems. This equipment requires 
expensive calibrating apparatus, pur- 
chase of which is not warranted since 
we have few of these units in use. We 
do, however, utilize the manufacturer’s 
consulting service on technical prob: 
lems and on occasion invite a field en- 
gineer to present a paper or discussion 
of approximately two hours duration 
to our field personnel. 

A complete catalog file is maintained 


Fig. 8. 


on all types of meters and instruments, 
controls and related supplies in order 
that pertinent information will be 
available to all concerned. Technical 
books are also provided for employee’s 
use by both the laboratory and the 
plant library. 


CONCLUSION 

In this paper I have attempted to 
outline the salient points of an instru- 
ment department’s activities in a large 
steel plant. From the facts presented 
it seems reasonable to conclude that 
instrument and control maintenance is 
justified and the instrument repair- 
man’s job includes many problems to 
solve. We sincerely believe that exist- 
ing and future instrument installations 
will increase production, and unques- 
tionably, modern instrumentation has 
made it possible to study and improve 
furnace operation and efficiency. 


One Knob Production Control 


Abstract. The degree of simplification that 
has been attained for the industrial process 
through the application of instruments, such as 
the ability to regulate total plant capacity from 
a single control device, is first discussed in a 
general manner. A case history which deals with 
a batch-type corn syrup refincry is used to 
illustrate the method for engineering a one- 
knob production control system. Detailed con- 
sideration is given to the special circuits and 
interlocks which are characteristic of this type 
of control application work. The paper is con- 
cluded with facts which point out the economic 
advantages that are realized by the large scale 
application of instruments and controls. 


I, Introduction 

It is a recognizable fact that the 
most influential device of the present 
era is the television receiver, which is 
making its entry into more homes 
each day. Since it was first generally 
introduced, this unit has been under 
continual development to improve on 
the results that were being obtained, 
and to simplify the method of operation 
in the home. Undoubtedly the most 
significant advance that has_ been 
made is the degree of simplification 
———e 
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that has been attained in the operating 
techniques which the average owner 
must have in order to get good results 
with his set. In the early days of its 
general usage, the complicated proced- 
ure for picture tuning, left much to be 
desired in the way of television recep- 
tion. The receiver has now been im- 
proved to the point where picture tun- 
ing can be accomplished with very few 
adjustments. As a matter of fact, cer- 
tain sets are advertised to be capable 
of “single knob tuning” or “single knob 
picture control.” 

Similarly, in the industrial world the 
production process has realized much 
development. This has been greatly 
due to a widespread use of instruments 
and automatic controls which have been 
applied to coordinate unit process oper- 
ations. In most cases the application 
of these devices has made it possible to 
reduce in great degree the complexity 
of operating techniques required by 
complete manual operation. This is es- 
pecially true of the batch type process 
which by virtue of its network of inde- 
pendent unit operations, requires a 
large number of operators in order to 
realize production results. The applica- 
tion of instruments and automatic con- 


trols provides a much simpler method 
for directing these operations to a de- 
sired production schedule. 

There is no question of the fact that 
the application of control equipment 
has tended to reduce the need for the 
large number of operators that are 
usually required for comp:ete manual 
operation of a batch process. The large 
number of manual manipulations have 
been replaced by a decidedly lesser 
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number of instrument settings, in order 
to obtain equivalent production results. 
By virtue of subsequent engineering 
developments in the control application 
field, it has been possible to realize the 
same degree of simplification in operat- 
ing the instrumented industrial process 
as the television receiver in your home. 
In likeness to “one knob picture tuning” 
we have realized one knob production 
control for the industrial process. 

The case history which provided the 
material for this paper, namely, the 
corn syrup refinery of the company’s 
Kansas City Plant, is an existing ex- 
ample of this development. The pro- 
cess was instrumented in sufficient de- 
gree to accomplish the flow of materials 
almost entirely automatically. The 
unique feature of the instrumentation 
that was applied is the ability to change 
the production rate or daily plant out- 
put by merely adjusting “one control 
knob.” 


SODIUM C4@BON4STE 


Fig. 1. Block Flow Diagram of 
Syrup Making Process. 


II. The Process 

The advantages to be gained by in- 
strumenting a process in the manner 
discussed cannot be appreciated with- 
out first considering a method of com- 
plete manual operation. The basic 
method for making corn syrup from 
corn starch is shown in the block flow 
diagram illustrated in Fig. 1. 

Briefly, such a process consists of 
several batch operated stations which 
are independent of each other. Each 
station requires the attention of one 
or more operators to execute the pro- 
cessing steps that are characteristic of 
that station. The starch for conver- 
sion to syrup comes to the process in a 
slurry form. This must be diluted to a 
pre-determined gravity before conver- 
sion. The diluted slurry is then meas- 
ured by means of tanks in volumes 
determined by the capacity of the con- 
verter vessels. The slurry is also acidi- 
fied with a measured quantity of acid 
at this station. The converting station 
consists of several batch reactors or 
converters, in which the controlled ap- 
plication of heat in the form of live 
steam effects the conversion of the 
acidified starch to syrup. The number 
of converters used and duration of the 
converting cycle determines the maxi- 
mum production capacity for the en- 
tire process, The syrup is then neutral- 
ized to remove the excess acid. The re- 
mainder of the process consists of 
several refining operations which pro- 
duce the saleable product. 

The manual operation of a plant of 


Page 20—I.S.A. Journal—Vol. 7 


this type presents many problems 
which must be overcome in order to 
realize profitable results. First, there 
is considerable difficulty in coordinat- 
ing the efforts of the operators at the 
various stations because of the inher- 
ent independence which exists between 
them. For example, uniform operation 
of the converter station requires that 
starch is always available at constant 
gravity. Interruptions in the opera- 
tion of the dilution station might not 
become known to the converter opera- 
tors in time to adjust their converting 
schedule to a new rate, and this can 
result in several batches to be made 
with incomplete charges of starch. If 
the acid added is not proportionately 
decreased immediately, non-uniformity 
of the product will result. This repre- 
sents increased operating costs due to 
the subsequent reprocessing which be- 
comes necessary. Another example, is 
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Fig. 2. Flow Diagram for a 
Batch Converter. 


the effect of irregular converter opera- 
tion on the neutralizer station. The 
inability to synchronize the operation 
of the converter station with that of 
the neutralizing station causes fluctua- 
tions in the supply to the various re- 
fining operations. This reduces the 
operating efficiency which is maintained 
at these subsequent stations. Another 
problem is caused by the inability to 
provide sufficient steam supply capacity 
for handling the various demand re- 
quirements which inevitably occur 
when the converting rates are fre- 
quently changed. This is especially 
noticeable when the rates are suddenly 
increased. This problem is doubly ser- 
ious since it affects boiler house effi- 
ciency as well as product uniformity. 

From the history of the original 
plant, several shortcomings were mani- 
fested in the manual method of opera- 
tion which greatly influenced the pro- 
ductive capacity for this process. The 
inability of the plant to continuously 
maintain the maximum production ca- 
pacities for which it was designed was 
attributed in great proportion to the 
operating losses which were incurred. 
The major causes for these losses were: 
(1.) Operating errors in executing 
batch cycles, (2.) Non-uniformity of 
executing successive batch cycles due 
to the inability of operators to main- 
tain the standards that were required, 
and (3.) Lack of coordination between 
processing stations. The above factors 
were responsible for the _ inefficient 
utilization of plant utilities and serv- 


ices such as steam, water, compressed 
air, electrical power, etc., and also the 
excessive use of raw materials, all of 
which increased the operating costs 
for this process. 

As was previously mentioned, the 
production capacity of the entire pro- 
cess is dependent on the rate of opera- 
tion which is maintained at the con- 
verter station. This can well be termed 
the “heartbeat” for this process, since 
it provides a convenient means for 
throttling its output. For an example, 
if the supply of raw materials is in- 
terrupted for any reason, the convert- 
ing rate can be slowed down sufficiently 
to maintain operation until the normal 
supply rate is restored. Likewise, if 
process breakdowns occur at points 
which follow the converting station, 
the converting rate can be reduced to 
maintain a slower schedule until the 
condition is corrected. 
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Fig. 3. Operation of a Sequence 
Cycle Controller. 


The operation of a typical batch con- 
verter is illustrated in Fig. 2. The 
batch converter is merely a retort us- 
ually of approximately 3,000 gallons 
capacity. Connections are provided for 
injecting the acidified starch at the 
top. The starch slurry is measured in 
an overhead tank and acid is added to 
the slurry from a separate measuring 
tank. With the neutralizer discharge 
valve closed and the vent valve open, 
process steam is introduced in a count- 
er-current direction to the injected 
starch to assure adequate contact for 
heat transfer. The operator must man- 
ually throttle the steam inlet valve to 
maintain a slight positive pressure 
during this portion of the cycle. When 
all of the starch is passed into the con- 
verter, the starch inlet and vent valves 
are closed, the pressure in the converter 
is raised with live steam to the value 
which gives the desired temperature 
for the conversion. The batch is held 
for a predetermined interval of time at 
this temperature to permit the reaction 
to go to completion. The discharge 
valve is then opened and the converter 
contents are forced into the overhead 
neutralizer by means of the pressure 
in the converter. 

The operation of a converter as des- 
cribed appears straightforward and not 
too difficult for manual operation. How- 
ever, the amount of valve manipula- 
tion and operating attention require 
imposes a maximum “converter to Op- 
erator” ratio of 2 to 1. The chemistry 
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Fig. 4. Sequence Chart for a Typical 
Converter Cycle. 
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of the conversion reaction requires that 
the variables of steam rate during 
starch injection, converting tempera- 
ture, and time of reaction be watched 
rather closely in order to realize a con- 
sistent product. The limitations of hu- 
man endurance and susceptibility of 
human nature to deviate from routine 
procedure presents the natural causes 
for failure to meet the standards of 
reproducibility needed for maintaining 
product quality in a batch operation 
of this type. 

Several examples can be presented 
to illustrate the responsibility of the 
operator who attends this process. 

(1.) The failure to add acid to the 
starch which has been charged into the 
converter results in a charred mass 
which represents a total loss in raw 
material. This amounts to 3,000 gallons 
of slurry of a high quality starch. 

(2.) Another instance, is the failure 
of the converter operators to schedule 
batches so as to avoid the excessive 
draw of steam required by more than 
two converters in simultaneous opera- 
tion. This mistake results in a severe 
load on the boiler house, and many 
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times leaves the attending fireman in 
a serious debate as to whether he 
should take a gauge reading or the 
nearest exit for safety from a boiler 
that appears to be leaving its founda- 
tion. 

(3.) A third example of operator re- 
sponsibility is important because of the 
hazardous possibilities which can result 
between misunderstandings in instruc- 
tions between the converter and neu- 
tralizer stations. Discharging the con- 
tents of a converter into a neutralizer 
which is not ready for a full batch can 
cause serious accidents when one con- 
siders the elevated temperature of pro- 
cessed liquor, normally 300 to 350° F. 

In spite of the various difficulties and 
hazards attached to the operation of a 
plant of this type, it performed satis- 
factorily without recourse to instru- 
mentation except in very limited quan- 
tities. This was primarily due to the 
fact that the plant was built during 
an era when the science of instrumenta- 
tion and its application was just begin- 
ning to find its place in industry. There- 


ADIVSTARLE 


III. The Application Of Control 
Instruments 


The engineering needed to lay out 
the instrumentation for an automatic 
production control system begins with 
an analysis of the unit batch operation 
involved, in this case the operation of 
the converter, the batch measuring 
tanks, and the neutralizers. The execu- 
tion of the various steps of a complete 
converting cycle in a definite order, re- 
quires the use of a sequence-type cycle 
controller. The cycle controller which 
is illustrated in Fig. 3 consists of a 
combination of air pilots and electrical 
switches which are actuated by means 
of adjustable cams driven from a com- 
mon cam shaft. The time as selected 
for one revolution of this shaft is slow 
enough to permit spacing of the actuat- 
ing cams with a sufficient time interval 
for each sequence, to assure proper 
operation of the control and interlock- 
ing devices for each cycle step. There- 
fore, when the drive motor is started, 
either manually or automatically, the 
controller initiates the first step in the 
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5. Schematic Layout for Automatic Cycle Control. 


fore, when most of the equipment had 
reached the obsolescent stage, the com- 
pany realized a good opportunity to 
fully modernize this process by replac- 
ing the old equipment with that of 
most recent design and incorporating 
refinements in operating techniques 
such as could be provided by complete 
instrumentation. 

The incorporation of instrumentation 
was made even more attractive after 
considering the capital investment thet 
would be involved for another manual 
process as compared with an instru- 
mented process. With manual operation, 
seven converter units would be required 
to obtain the desired maximum produc- 
tion capacity. The preliminary engin- 
eering considerations indicated that the 
application of instrumentation to ac- 
complish automatic operation and 
scheduling of the converter station 
would permit cutting the number of 
converters by one. It also appeared that 
the capital investment for this one 
converter and its related equipment 
would approximately equal the cost of 
the instrumentation for this entire 
station. 
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SEQUENCE CYCLE CONTROLLERS 


Fig. 6. Schematic Diagram for Master Controller. 


cycle and then stops again. In the ex- 
ample shown, air pilots “A” applies air 
to the diaphragm of the valve between 
the supply tank and the converter, per- 
mitting the contents of the tank to 
empty into the converter. The control- 
ler then remains dormant until the first 
step of the cycle is completed. The com- 
pletion of a step or portion of the cycle 
is usually manifested by a signal from 
a control device or devices located in 
a manner which permits the device to 
detect the endpoint for that particular 
cycle step or operation. In this case a 
level device indicating that the tank is 
empty provides this signal. The con- 
trol device by means of various control 
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Fig. 8. Process Equipment. 


interlocks, relays the completion of 
this step back to the cycle controller 
drive motor restarting it. The control- 
ler then restores the air pilots or 
switches of the previous step and ac- 
tuates the pilots or switches which in- 
itiate the next step in the cycle. The 
cycle progresses in this start-stop man- 
ner until the entire cycle has been exe- 
cuted and then remains at rest until it 
receives the next starting impulse. 
The sequence development chart 
shown in Fig. 4 is very helpful when 
laying out sequence control systems of 
this type. The development of a com- 
plete cycle for one revolution of the 
cam shaft appears on this chart. For 
this particular process, the capital let- 
ters indicate the air pilot valves that 
are used for the pneumatic actuations 
required and the numbers refer to the 
switches used for electrical impulses 
and interlocks. Cam No. 1, of course, 
is the sequence cam which stops the 
drive motor after each step is executed. 
The raised portion of each line indi- 
cates in which step the air pilot or 
switch is actuated and restored. The 
use of this chart becomes apparent 
after considering at least one cycle 
step. Assume that a starting impulse 
is received and the drive motor starts. 
The cam shaft rotates and cam No. 1 
is actuated. The electrical switch keeps 
the drive motor running independent 
of its starting impulse. Switch No. 2 
is actuated deenergizing the starting 
circuit. Air pilot “A” actuates control 
devices which put the converter on 





Fig. 11. 
Rate Controller — Front View . 
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Fig. 9. Sequence Control Panel for 

Two Converters — Front View. 
automatic steam pressure control. 
Switch No. 1 opens again and the drive 
motor stops. The pressure in the con- 
verter is brought to a predetermined 
value at which time a pressure switch 
in series with the drive motor, starts 
it and the cycle is now in Step No. 2. 
The remaining steps are executed in a 
similar manner. 

Having applied the sequence control- 
ler and related control equipment for 
automatic operation of a converter 
unit, the original diagram of a con- 
verter process shown previously in Fig. 
2 now takes the form shown in Fig. 5. 
This, of course, is purely schematic, 
but it serves to indicate that the man- 
ual operations are now executed en- 
tirely automatically. 

The impulses from the sequence con- 
troller are numbered in the order of 
their occurence. The manual valves 
are replaced by diaphragm operated 
control valves with the exception of the 
discharge valve, which is an electrical- 
ly operated valve. An electrical timer 
is used to give the desired holding 
time for the reaction period. A pneu- 
matic pressure controller operates auto- 
matically during the starch injection 
period, to maintain the desired value 
of positive pressure in the converter. 

The special circuits and control in- 
terlocks for arranging the sequence of 
operation of the cycle controller are 
not as simple as the diagram shown 
might suggest. Since the consideration 
of these is beyond the scope of a pre- 
sentation of this type, examples of 
these are covered in the appendix. 

The advantages that become im- 
mediately apparent by the instrumen- 
tation applied thus far are: (1.) Ac- 
curate measurement of raw materials, 
(2.) Uniform steam pressure control 
during starch injection, and (3.) Ac- 
curate holding time duration. 

The next phase of control application 
is concerned with the method of auto- 
matic scheduling of the batch convert- 
ers. It is apparent that scheduling in 
any form would not be effective unless 
the batch operations were consistently 
reproducible. This is assured by the 
use of the sequence controller previous- 
ly described. 

For automatic scheduling of several 
converters a master controller is used. 
The application of such an instrument 
is illustrated in Fig. 6. As shown, the 
controller consists of six cam operated 
electrical switches having a common 
cam shaft. Each switch is wired into a 
separate starting circuit, which auto- 
matically initiates the starting of a 
sequence cycle controller for a batch 
converter. The actual electrical circuits 
for accomplishing automatic starting 
are covered in detailed diagrams in- 
cluded in the appendix. 








Fig. 10. Sequence Control Panel for 
Two Converters — Rear View. 


The sequence of operation of the 
switches in the master controller can 
be arranged in any desired pattern by 
means of the adjustable cam operators 
which are driven from the common 
cam shaft. The speed of rotation of 
this cam shaft then determines the 
output of the converter station, since 
each batch converter is put into opera- 
tion once for every revolution of the 
cam shaft. It is apparent then that the 
minimum revolution time which this 
shaft can have, is the maximum time 
that is required for a complete cycle 
in any of the converters. 

The master controller, depending on 
the speed of rotation of its drive motor, 
sets the maximum production capacity 
for this process. The application of this 
unit makes it possible to realize addi- 
tional operating advantages, namely: 
(1.) Coordination of operation between 
three stations, the batch measuring 
station, the converter station, and the 
neutralizer station, (2.) Levels out the 
utilization of plant services, particular- 
ly process steam. This is reflected as 
an improvement in boiler house opera- 
tion, (3.) Smooths out the delivery of 
product to subsequent unit operations, 
and (4.) Provides the important fea- 
tures of production scheduling. 

Very few processes are operated 
with the same daily production output. 
Market demands require some flexi- 
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Fig. 12. Master Control Panel with 
Rate Controller — Rear View. 
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bility in daily production rates. This 
feature makes necessary the next and 
final phase of this process control sys- 
tem. As illustrated in the last sketch, 
Fig. 7, the final element in the produc- 
tion control system is the rate con- 
troller. 

The rate controller is a percentage 
timer or calibrated interrupter, which 
consists of a motor and an electrical 
contact which is mechanically actuated 
for each revolution of the motor. The 
contact in the timer can be set to re- 
main in a closed or open position for 
any time interval from 0 to 100 per 
cent of the rotation time of this motor. 
The motor usually makes one revolution 
per minute. 

The drive motor of the master con- 
troller as previously mentioned, has a 
fixed speed of rotation. The rate con- 
troller provides a means to vary this 
speed over a definite range by means 
of power interruptions to this drive 
motor. The electrical circuits for this 
feature are shown in more detail in the 
appendix. 

The dial for a percentage timer is 

normally graduated in percentage num- 
bers of 0 to 100. When employed as 
a rate controller for a production pro- 
cess this can be changed to number of 
batch operations per day required for 
a definite production output. In this 
case, for example, the graduations are 
in conversions per day. 
_ The setting of this rate controller 
in effect, realizes the unique feature 
of this process control system, that is, 
the ability to set daily production out- 
put for this process by merely setting 
“one control knob.” The process output 
to meet any market demand within the 
range of the equipment processing ca- 
pacities, is readily adjustable by no 
more than a finger-tip operation. 

The attached pictures, Figs. 8, 9, 
10, 11, 12, 13, 14, are intended to give 
the reader some idea of the physical 
proportions of an installation of this 
type. 

IV. Demonstrated Results 

The merits of a production control 
such as was just presented can be eval- 
uated in several ways. However, there 
Is one opinion that was advanced in 
behalf of this project which defines its 
accomplishment very well, and which 
Stresses one of the foremost benefits 
that is derived from the application of 
4 coordinated control system to several 
batch units. 

The opinion was voiced by one of the 
process group who actually grew up in 
the old manually operated process. 
When asked for his comments after 
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Fig. 13. Complete Control Panel. 
the process was in operation for sever- 
al months, he likened the instrumented 
batch converters to hens that were in 
the process of egg laying. “It’s the 
darndest thing I ever saw, every twelve 
minutes one of those converters starts 
to lay an egg, and each new egg is 
like the last one.” 

Actually, however, the results that 
were realized after several months of 
operation can be more specifically pre- 
sented. 

(1.) The use of one man to oversee 
the control station is the extent of op- 
erator attention required after the pro- 
cess was instrumented. This represents 
a reduction in operating manpower of 
three men per shift based on the pre- 
viously mentioned requirements for the 
manually operated process having seven 
converter units. 

(2.) The improvement resulting from 
increased processing uniformity, name- 
ly, that gained by measurement of raw 
materials and reproducibility of the 
batch operation.through automatic se- 
quence control was reflected 4 ways: 

(a) Increased yield in pounds of 
dry substance of the final product. 

This can be considered as a monetary 

gain either from the standpoint of 

the savings due to reduced quanti- 
ties of starch used to produce a de- 
sired amount of syrup, or as addi- 
tional earnings due to _ increased 
saleable product. 

(b) Reduction in the use of raw 
materials, of which the acid required 
for conversion is a specific example. 


(c) Reduction of reprocessing re- 
quirements resulting from elimina- 
tion of operating errors and tank 


spillages. 

(d) Reduction of total product 
losses. 
(3.) The decreased operating costs 


resulting from automatic scheduling of 
the batch units were reflected as: 

(a) Uniform steam draw from the 
boiler house which improved effi- 
ciency of the steam’ generating 
equipment. 

(b) Decreased consumption of 
steam due to controlled steam utili- 
zation during the process. 

(4.) Process flexibility resulted in 
competitive advantages which were re- 
flected as: 

(a) Ability to revise process pro- 
cedures to meet varying product 
specifications. 

(b) Ability to process special pro- 
ducts for expanding market appli- 
cations. 

(5.) Improvement in employee-em- 
ployer relations resulting from: 

(a) General improvement in pro- 
cess environment and working con- 
ditions provided by the moderniza- 
tion of the process. Ease of opera- 
tion, cleanliness and adequate pro- 
tection from hazardous conditions 
had a marked effect on the morale of 
the process group. 

(b) Improvement in the operator’s 
job outlook realized on the basis of 
higher standards of individual initia- 
tive and ability. 





Fig. 14. Composite View of Control Panels and Process Equipment. 
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Fig. 15. Circuit Diagram for Automatic Starting Impulse. 


Conclusion 

One knob production control is de-~ 
signed to provide the following fea- 
tures for a multiple unit batch type 
process: 

(1.) Automatic sequence control for 

each unit. 

(2.) Automatic scheduling of all the 
units. 

(3.) Automatic rate control for set- 
ting daily output from the total 
number of units. 

The example that was used to illus- 
trate the method for applying such a 
control system is specific for the corn 
syrup production process. However, 
the similarity between the manual op- 
erations required for this process and 
those which characterize other batch 
type processes might possibly suggest 
new applications for the principles 
that are covered in this paper. 


Appendix 

The wiring diagrams for the basic 
control circuits usually applied to co- 
ordinated control systems have been 
appended for the readers reference. 
These have been prepared as the lad- 
der type diagram to facilitate their 
reading. The diagrams serve to illus- 
trate these functional applications: 
(1.) Method of providing the automatic 
impulse from a master controller 
to start a sequence cycle control- 
ler. This diagram also illustrates 
the wiring of the percentage timer 
in its use as a production rate 
controller. 
Operation of the starting circuit 
with respect to process limita- 
tions. 
Typical sequence circuit illustrat- 
ing the method for interlocking 
electrical signals with pneumatic 
impulses. 
Each diagram is individually explained. 


(2.) 


(3.) 


1. Automatic Momentary Impulse for 
Starting the Sequence Controller Fig. 15 

The selector station must be in the 
automatic position. In the original posi- 
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. tion contact RA4 is closed so that 
power is on the synchronous motor of 
the percentage timer. The switch in 
this timer furnishes power to the drive 
motor of the master controller. The 
actual rotation of the drive motor is 
dependent on the setting of the per- 
centage timer which interrupts the 
power to the drive motor for a fraction 
of cach minute. 

The drive motor rotates the cam 
shaft and the switch indicated is ac- 
tuated to the upper position at some 
point in the rotation of the shaft. Re- 
lay RA is energized which actuates all 
the contacts of this relay. 

Contact RA2 holds-in the starting 
impulse independent of the cam actu- 
ated switch, which is opened a short 
time later. 

Contact RA3 energizes relay RM. 
This opens contact RM1 which deac- 
tivates the controller impulse immedi- 
ately, giving the equivalent of a man- 
ual momentary contact. 

Contact RAi which appears in the 
succeeding diagram, Fig. 16, is closed. 
If the sequence cycle controller starts, 
as will be explained in the next dia- 
gram, a response signal indicating the 
start has been accomplished, is made 
when contact RH3 closes energizing 
relay RN. Contact RN2 then deener- 
gizes start relay RA. 

If the sequence cycle controller fails 
to start, the cam actuated switch is 
again restored to the lower position. 
Contact RA6 would then energize re- 
lay RL. Contact RL1 closes to sound 
audible alarm, indicating this condi- 
tion. 

Contacts RA4 and RA5 stop the 
synchronous motor of the percentage 
timer until the cause for failure to 
start has been determined. 


2. Operation of the Starting Circuit 
Fig. 16 


This diagram illustrates the circuits 
which are interlocked electrically with 
the starting impulse to comprise the 
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starting circuit for the sequence con- 

troller. For complete automatic opera- 

tion, the starting of a batch converter 
is dependent on its ability to carry out 

a cycle to its completion. Therefore, it 

is necessary that several conditions 

are satisfied at the time the starting 
impulse is given. 

In this example, the starting circuit 
consists of four other contacts in series 
with contact RA1, which must be 
closed for the starting circuit to be 
effective. 

A. First, the discharge valve must have 
closed itself from the previous 
cycle. An integral limit switch veri- 
fies this condition. 

B. Second, a measured charge of 
starch must be available. The level 
in the measuring tank is measured 
by means of an electrode type level 
relay. The contact integral with 
this relay must be closed. 

C. Third, the measured charge of 
starch must have been acidified. The 
conductivity of the resulting solu- 
tion is used to actuate a relay, 
which has an integral contact also 
in the starting circuit. 

D. Lastly, the previous batch in the 
corresponding neutralizer must have 
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Fig. 17. Circuit Diagram for Typical 
Sequence Interlock. 
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been advanced so that not more 

than 25 per cent is left when the 

next cycle is ready to start. A 

similar level relay verifies this con- 

dition. 

With all of the above contacts closed, 
the starting circuit is completed, 
which energizes relay RH. Contact RH1 
closes, starting the drive motor of the 
sequence controller. The cycle control- 
ler immediately sustains itself inde- 
pendent of the starting circuit by 
means of the cam actuated switch CCl, 
which is closed. From this point, the 
sequence controller initiates the vari- 
ous cycle events in the sequence shown 
in Fig. 4, by means of sequence control 
circuits as illustrated in the next dia- 


gram, Fig. 17. Contact CC2 is opened 
to deenergize the starting circuit a 
moment after CC1 is closed. 


3. Typical Sequence Interlock Fig. 17 

Having started the drive motor for 
the sequence controller, various cycle 
operations are automatically carried 
out as illustrated in this diagram. Cam 
operated switch CC1 is closed as indi- 
cated previously and assume air pilot 
“B” is actuated by its cam in the se- 
quence illustrated in Fig. 4. Air is ap- 
plied to the diaphragm of the starch 
inlet valve, permitting the contents of 
the tank to be emptied into the convert- 
er. Switch CC1 is opened then and the 
drive motor stops. 


The same air impulse is used to actu- 
ate the pressure switch shown, closing 
its contact. This contact is in series 
with the contact in the level relay, 
which is in the open position when 
there is liquor in the measuring tank. 
As soon as this tank is emptied, the 
level contact is closed, completing the 
circuit to the drive motor once more. 
Contact CC1 closes to sustain the drive 
motor and pilot valve B is restored. 
The succeeding cycle step is initiated 
by actuating the next cam operated 
element, air pilot or switch. The entire 
cycle is executed automatically by sim- 
ilar start stop operation of the sequence 
controller. 


A Mass Spectrometer for Monitoring Continuous Processes 


By CHARLES F. ROBINSON, HAROLD W. WASHBURN, 
CLIFFORD E. BERRY and GEORGE D. PERKINS * 


ABSTRACT. A mass spectrometer developed 
specifically for industrial process monitoring 
is described. The instrument is sharply different 
from analytical instruments in that it records 
only a limited number of preselected mass peaks, 
and in that the instrument periodically standard- 
ies itself against a sample of known compo- 
sition in such a way that the three selected peaks 
are automatically brought to predetermined 
levels on this standard sample. The three peaks 
may be recorded at widely different sensitivities 
if desired. Record presentation is such that even 
an untrained operator is immediately warned 
of instrument malfunction should it occur. The 
instrument is equipped with a vapor-tight pres- 
surized case and with adequate interlocks to 
protect the instrument against various failures. 
Maintenance requirements are moderate and the 
instrument has been very successful in prelim- 
inary tests, 


INTRODUCTION 


The mass spectrometer has gained 
wide acceptance during the last ten 
years as an analytical tool whose speed 
and accuracy in many applications are 
unsurpassed.” 

Analytical instruments which have 
been available commercially have, how- 
ever, been expensive, complex, and so 
needful of human understanding gen- 
erally, that it is only under extraor- 
dinary circumstances, as in the atomic 
energy program’, that it has been rea- 
sonable to adapt them to the routine 
monitoring of a continuous industrial 
process. More recently, however, it has 
appeared that there are processes in 
some of the chemical industries where 
the increased accuracy of mass spectro- 
meter control is more than sufficient to 
justify the expense of an instrument 
designed from the outset with both the 
technology and the economics of the 
situation in mind. This paper will des- 
cribe such an instrument and some of 
its initial applications. 

There are many stringent require- 
ments on such an instrument. The most 
obvious is that the sampling system 
must sample the process stream in an 
essentially continuous manner and in 
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such a way as to respond quickly to 
changes in composition of the monitor- 
ed stream. A second requirement is 
that of reliability in all of its phases. 
A third is that the instrument’s routine 
operation must be at least simple, and 
preferably automatic, and that the in- 
formation be presented in a way which 
can be interpreted simply and unam- 
biguously. Still another is that the in- 
strument must not contribute to fire or 
explosion hazards present in many lo- 
cations, while underlying all these is 
the requirement that the instrument 
cost be held to the minimum consistent 
with satisfactory performance. 

In addition to its continuous sampl- 
ing system there are two other char- 
acteristics by which the present instru- 


SAMPLE FROM 
PROCESS STREAM 


—_ 


ment is differentiated sharply from one 
designed for general analytical work. 
The first is that the instrument pro- 
ceeds not continuously over a more or 
less extended region of the mass spec- 
trum, but stepwise from one to the 
next of a limited number of preselected 
mass peaks (in the first instruments, 
three). Any number of mass peaks can 
be provided for, but the restriction of 
the record to the minimum number 
which can reveal the desired informa- 
tion on the monitored stream results 
in simplication of the record and its 
interpretation, in more rapid comple- 
tion of any one entire scanning cycle, 
and in obvious cost advantages. 

The second differentiating character- 
istic is that the instrument is auto- 
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matically self-standardizing against a 
sample of constant composition. The 
necessity for this feature is, in a sense, 
inherent in the mass_ spectrometer 
method itself since one of the chief 
advantages of the mass spectrometer 
is its higher accuracy and that advan- 
tage would be largely lost by small 
changes in sensitivity which might be 
fully tolerable in another inherently 
less accurate but cheaper instrument. 
Incidental to the self-calibrating fea- 
ture is the fact that each mass peak 
may be recorded at a sensitivity widely 
different from that of the remaining 
ones, which further simplifies the re- 
cord and its interpretation. 


GENERAL ARRANGEMENT 

The general arrangement of the in- 
strument is shown in Fig. 1. The mon- 
itored sample is admitted to the sample 
control valve through a line so pro- 
portioned as to yield the desired re- 
sponse time; very often a part of this 
sample will be by-passed around the 
instrument in order to maintain high 
flow rates and short response time. 
The sample is admitted at atmospheric 
pressure, which is most simply accom- 
plished by venting the sample line to 
the atmosphere at a point near the 
instrument. The standard gas is con- 
tained in a chamber with a mercury- 
sealed floating dome exposed to the 
atmosphere so that the monitored and 
standard gases are maintained not 
necessarily at constant pressures but 
at equal and slowly varying pressures 
which, in the presence of the self- 
calibrating feature, amounts to the 
same thing. 

The sample passes by viscous flow 
through the primary leak into the 
sample manifold, which operates at a 
pressure of 1 mm. Hg. Over 99 per 
cent of the sample flows out of the 
manifold through the low pressure by- 
pass line, in which the pressure drop 
is principally due to the viscosity of the 
gas, through the inlet forepump, and 
thence out to a case vent. This system 
results in an extremely short response 
time, and very little “hangup” of 
sample. Furthermore, it can be shown 


Fig. 2. Mounted ion source, showing 1) Ion source body; 2) acceler- 
demountable electron gun assembly; 4) 


ating and focusing slits; 3) 
mounting column; 5) integral 
insulators. 


vacuum flange, 
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that its use makes the pressure in the 
sample manifold almost completely in- 
dependent of sample viscosity, which 
is an important feature. 

The molecular leak is so proportioned 
that the gas flow through it is com- 
pletely molecular in character. From 
this leak, gas flows into the ion source 
where it is ionized by an electron beam 
in a conventional manner. The molecu- 
lar character of this leak, in combina- 
tion with the by-passing technique just 
described, ensures that the partial pres- 
sure of each component in the ion 
source depends linearly on, and: only 
on, the partial pressure of that same 
component in the original sample. Ion 
acceleration through the magnetic field, 
the separation of one beam from the 
remainder at the ion collector and the 
measurement of the resolved beam, are 
alsu basically conventional. 

Normal operating pressure in the ion 
source is several times as high as the 
pressure immediately outside, which 
results in an important degree of sup- 
pression of “background” peaks com- 
pared to those due to the sample. This 
fact, combined with the use of an ac- 
tivated charcoal trap and the self- 
calibrating feature, has made it un- 
necessary to apply any correction for 
backgrounds in any problem thus far 
encountered. 

The ion source and its associated 
mounting flange are shown in Fig. 2. 
Fig. 3 shows the mass spectrometer 
analyzer-magnet assembly. The analy- 
zer is formed largely of stainless steel, 
and vacuum joints are sealed by Teflon 
gaskets in compression joints of con- 
ventional design. The magnet pole 
faces are equipped with “ears” in 
which the magnet gap is widened to 
accommodate the ion source at one end 
and the collector assembly at the other. 
3etween these “ears” the magnetic 
field strength is about 40 per cent of 
that in the main gap, but this relation 
is constant. Consequently, there is am- 
ple magnetic field strength to collimate 
the electron beam in the ion source and 
to suppress secondary electrons at the 
ion collector. Also, ion beam trajectcr- 
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Fig. 3. Analyzer-magnet section of mass spectrometer, showing: 1) 
sample manifold; 2) gas bypass line, 3) 
4) ion collector assembly, 5) magnetic field adjusting handwheel; 


ion source mounting — 


magnet shell; 7) analyzer positioning screws. 
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ies are nearly invariant to changes in 
the magnetic field strength. 

The magnet is energized by Alnico 
V slugs, and the stability requirements 
are such that it has been necessary to 
thermostat the magnet to within 1° 
C. of constant temperature. 


THE CALIBRATING CIRCUITS 


Selection of one ion beam or another 
within any mass range of about 3 to 
1 is accomplished by setting potentio- 
meters V, through V; (Fig. 4). The 
part of the mass in which this octave 
and a half occurs is determined by 
manual setting of the magnet shunts, 
using the handwheel shown in Fig. 3, 
during the initial setting up of the in- 
strument. 

The ion current amplifier is conven- 
tional, the calibrating circuits being 
inserted in its output. For the sake of 
simplicity, Fig. 4 has been drawn so 
as to show only one complete channel 
of calibration; the operation of the re- 
maining stages follows in an exactly 
similar way. The output signal from 
the d.c. amplifier is carried through the 
zero-balance wheatstone bridge to a set 
of channel potentiometers in parallel, 
here indicated simply by P:. The volt- 
age from the tap of P, is fed through 
K, to the recorder as shown; relays K., 
K,, — K, are ganged with Kw, Ku — 
Kin; Kay Ko: — Kon respectively so that 
the spectrum peak corresponding to 
the setting of Ku, the reference volt- 
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age corresponding to that of Si, and 
the mass spectrometer output current 
corresponding to the setting of P, are 
held in correspondence. Such a group 
of components is called a “channel”. 
In the monitoring of a _ process 
stream, the zero level and the three 
peaks are scanned consecutively and 
repeatedly for 44 steps. On the 45th 
step, the sample valve switches the 
inlet system from the monitored gas 
to the standard, and the 45th and 46th 
steps are used for flushing the inlet 
system, which requires about 20 sec- 
onds. On the 47th step, relay K. is 
closed, and any potential developed 
across P; is fed into the input of the 
servo amplifier. From there the ampli- 
fied signal is carried, through Kw», to 
motor M. which drives P., through the 
mechanical linkage shown, to null the 
potential on P,. This calibrates the zero 
level of the system. On the 48th step, 
the potentials at the taps of P, and S, 
are fed through the two poles of K;, 
to the servo amplifier; any difference 
between the two potentials is amplified 
and fed through K:, to motor M,, which 
adjusts the tap of P; to null the differ- 
ence. Now the voltage on the reference 
potentiometer S, is maintained con- 
stant with respect to full scale sensi- 
tivity of the recorder. Consequently 


the operation just described adjusts 
the sensitivity of the first signal chan- 
nel (P,) so that the recorder indica- 
tion when standardizing on a stipulated 











2i 
“ (4,4 CORRECTING 90 
ION COLLECTOR ° f ERROR 
\ p —— ACCELERATING 
; | VOLTAGE CORRECT 
il VOLTAGE \ | | 
t mn SWEEF +} 6° 7 | 
i RECORDER B a N Re +2 rahe Se ee J 
] | | aavdiaes LEVEL 
| | 70 I | 
T T 
| | ||=—AcceLenating 
a | | | | VOLTAGE 
CT Servo | | lee te | i IMPROPER 
1; an 21) Sa Se Oe tp eae + ~ a -~ —---+ 
REFERENCE ome im | 
POTENTIOMETERS | | | 
7 | | 
| | 50 |} | 
| = oe 
i | | 
| | 
| 40 _ 
| | 
MASS SELECTOR | N wall POWER ON 
POTENTIOME TERS —, |, po || Hl ii — 
Ho : 
\ | i POWER 
: fiat ate ttt a ~~ Sere 4 
HIGH \ | Kio | ar 
VOLTAGE \ —_— | 20 i} 
POWER \ ION SOURCE Wy LTT 
SUPPLY \ | | VOLTAGE DIVIDER | | 
T ° > {I 10| | 
’ TT an 8 . a 
“hp | {| oT Ty 
. Ky! || CALIBRATE | | || a 
< a ! " | | | 
| ou —” wl oe” 0 | | 
| f f 
| - 
re 
a PORTION OF CHART—SHOWING AUTO- 
MATIC RESTORATION TO SERVICE AND 
CALIBRATION CIRGUIT OUTLINE STANDARDIZATION 
Fig. 4. Fig. 5. 


mass peak of a sample of known com- 
position — the standard — shows ac- 
curately a preassigned reading (the 
manually preset reading of reference 
potentiometer P,). The remaining chan- 
nels are standardized in an exactly 
analogous way on steps 49 and 50 res- 


pectively, while steps 51 and 52 are 
used for switching the inlet system 
back to the process stream. 

The standardizing operation just 


described is performed with an overall 
accuracy of about + 10 microvolt, or 
+ 0.1 per cent of full scale for a 10- 
millivolt recorder. Recorder’ errors, 
paper shrinkage, and whatnot can 
build the total errors, in unfavorable 
cases, to 50 mircrovolts, or 0.5 per 
cent of full scale on a 10-millivolt in- 
strument. Standardization compensates 
rigorously for changes in the zero level 
and the overall sensitivity of the in- 
strument, due to whatever cause, and 
compensates, to a degree which varies 
from one problem to another, for varia- 
tions in the relative peak heights in 
the various mass spectra involved. The 
total time that the instrument is “off 
stream” for standardizing is a little 
under 2 minutes, and an entire cycle of 
52 steps requires about 10.5 minutes. 

It will be seen that the instrument 
records the mass peaks not only in 


monitoring, but in standardizing as 
well. Thus the instrument not only 
corrects its own errors, but demon- 


strates, by recording the standardized 
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levels, that it has done so. This period- 
ic exhibition of the instrument’s sen- 
sitivity on a standard sample is fully 
as valuable in avoidance of instrument 
errors as the standardization itself; 
indeed, it is anticipated that there will 
be many applications in which periodic 
exhibition of the various channel sen- 
sitivities, with or without means for 
manual error correction, will supplant 
the automatic standardization provided 
here. 

During standardization, the various 
voltages are held constant. During 
monitoring, however, the ion accelerat- 
ing voltages are not strictly constant, 
but are varied symmetrically from a 
level slightly above to one slightly be- 
low the nominal voltage. The result is 





by providing a standard gas whose 
composition is the optimum for the 
particular process stream involved and 
to set the reference potentiometers so 
that the instrument shows all of the 
various mass spectrum peaks to be of 
equal height when standardizing on 
this gas. Departures of the process 
stream composition from optimum are 
instantly revealed by failure of the 
peak tops to line up when the instru- 
ment is monitoring the process stream, 
and quantitative interpretation of the 
difference is usually fairly simple. A 
second method, a little more compli- 
cated to set up and too complicated to 
describe in detail here, avoids the 
necessity of synthesizing a mixture of 
exactly optimum composition. 


that the instrument does not remain Let us now consider an actual prob- 
(s 
(s) 
@ 
Fig. 6. Front view of mass spectrometer with pressurizing bulkhead removed, 
showing: 1) strip-chart recorder; 2) heat exchanger; 3) calibrating servo gear trains, 


4) reference voltage potentiometers; 5) auxiliary control panel; 6) control panel, 
visible through window in bulkhead, (not shown). 


on the top (or, in case of an accidental 
voltage shift, on the side) of a mass 
peak, but shows the top and a limited 
part of each side of each peak. Conse- 
quently even an inexperienced operator 
can tell whether the instrument is 
properly centered on the peaks (or, in 
the case of the zero channel, on a 
valley free of peaks), and can also 
tell at once if any instrumental mal- 
performance should cause the peak 
shapes to deteriorate. These two fea- 
tures—the exhibition of the channel 
sensitivities on a standard sample and 
the exhibition of the peak shapes dur- 
ing monitoring—make the instrument 
automatically warn the operator of any 
malfunction which might cause errors 
in the record. 


APPLICATION 

A detailed analysis shows that this 
instrument, like most such instruments, 
has its maximum resolving power and 
its maximum absolute accuracy when 
it is used as a detector of differences 
between an unknown sample and one 
of known or “standard” composition. It 
is possible to take advantage of this 
fact and simultaneously to achieve a 
particularly simple record presentation 
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lem to which the instrument has been 
applied. The first such problem was the 
detection of ethane in the effluent 
stream from a refinery de-ethanizer. 
The stream consists principally of C; 
to C; hydrocarbons, propane being the 
major constituent. All of the constitu- 
ents show peaks at masses 29 and 30, 
but ethane is the only one whose con- 
tribution to the 30 peak is not due to 
heavy isotopes from mass 29. Conse- 
quently the instrument is set so that, 
when standardizing on an ethane-free 
standard, the mass 29 and mass 30 
peaks are equal at about 40 per cent 
of full scale on the recorder. (See Fig. 
5), The presence of ethane in the moni- 
tored stream is made evident by in- 
equality in the heights of the mass 30 
and mass 29 peaks, the mass 30 peak 
being higher than the mass 29 by 
about 0.8 scale divisions per 0.1 mol 
percent of ethane in the _ refinery 
stream. Under favorable circumstances, 
this sensitivity can be about doubled. 

If no further information is required, 
pure propane can be used as a standard 
gas and the third record channel gain 
set to an arbitrary level (say zero) 
and left there. If information on G 
pariffins is desired, still using pure 


propane for standardizing, channel 3 
is set to mass 43, setting the channe] 
to standardize at say 60 per cent of full 
scale. Butane is revealed by the 48 
peak’s being higher in monitoring than 
in standardizing. In this case, the dif- 
ference is about 0.3 seale divisions dif- 
ference per 0.1 mol per cent Butane in 
the monitored stream. The problems 
to which this instrument can be applied 
are so many and so varied that it is 
almost impossible to set down any all- 
inclusive rules for .its use, and it is 
certainly not feasible to attempt to 
do so here. The process engineer, in 
considering the application of the in- 
strument to his problem, is constrained 
to masses below about mass 160 cover- 
ing a mass range of perhaps 3 to 1, 
and to reasonably volatile materials. 
The decisions as to the number of 
peaks to use and which ones to use, 
the manner of presentation of the re- 
cord, the type of standard gas to em- 
ploy and the levels to which the in- 
strument should standardize when run- 
ning it, will be dictated by the details 
of the process and the aims of the pro- 
cess engineer. 


GENERAL FEATURES 

The instrument is equipped with a 
vapor-tight case designed to be pres- 
surized at a few tenths of a pound per 
square inch. A general view of the in- 
strument with the front bulkhead re- 
moved is shown in Fig. 6. Safety inter- 
locks shut the instrument down in case 
the internal pressure should fall below 
a safe value. Most of the internal heat 
developed is removed by the exchanger 
shown. A limited number of controls 
placed on the auxiliary panel shown, 
and available from outside, can be 
manipulated without shutting down the 
instrument; these are used for regen- 
eration of the charcoal trap, trouble 
shooting, initial adjustment, or initial 
calibration. 

A complete set of interlocks is pro- 
vided to protect the instrument from 
most ordinary hazards. The mass spec- 
trometer analyzer and filament are 
protected against vacuum failure, and 
the diffusion pumps are_ protected 
against failure of either the backing 
pumps or the cooling water. A set of 
interlocks is provided to ensure that 
the various voltages will be applied in 
the correct order, and an associated 
set of time delay relays ensures that in 
case of a power failure of limited dura- 
tion (up to a minute or two) the in- 
strument will automatically restore it- 
self to service, turning on each com- 
ponent automatically in the proper se- 
quence and after the proper time de- 
lays, until the instrument is once more 
in full operation. 


SERVICE REQUIREMENTS 


The minimum service requirements 
of the instrument are that the recorder 
chart paper and ink be replenished 
every forty-eight hours of operation; 
it is not necessary to shut down the 
instrument for this purpose since the 
recorder case is separately pressurized. 
About 2.8 kilowatts of power and about 
20 pints per minute of cooling water 
are required. No cold trap are employ- 
ed. The uninterrupted service life of 
the charcoal trap is not definitely es- 
tablished but it is at least six weeks 
and may be much more, and the trap 
can be regenerated while in place, with- 
out removing the case bulkheads. The 
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investigation of the applicability of the 
instrument to various problems has 
thus far prevented any really extended 
continuous operation, the longest per- 
iod during which the instrument has 
run entirely without adjustment being 
about six weeks. 
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Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA, 921 Ridge 
Ave., Pittsburgh 12, Pa. 


ELECTRONIC ENGINEER. E. E. with tech- 
nical background in electronic circuit design. 
Work consists of electronic development and 
supervision of electronic production. Experi- 
ence is desired but not required if a serious 
minded man is interested in a position with 
good opportunities for advancement. Location 
Eastern N. Y. State. Box 432. 

ELECTRONICS ENGINEERS. Qualified by ed- 
ucation and experience for development work 
in microwave techniques. Location Baltimore, 
Md. Box 433. 

INSTRUMENT ENGINEER. For old established 
manufacturer with full line of industrial and 
dairy thermometers, temperature and pressure 
recorders, air- and electrically-operated recording 
controllers and dials of mercury-vapor and 
liquid-filled types. Must know instrumentation, 
be a good designer with shop production ex- 


perience with products mentioned. Location 
Michigan. Box 434. 
PROJECT ENGINEERS. Experienced with 


servomechanisms and computor components for 
development work with electromechanical in- 
struments. Location Baltimore, Md. Box 435. 
INSTRUMENT SALES AGENT. Old established 
manufacturer of full line of industrial and 
dairy thermometers, recorders, controllers, self- 
ops, and dials; wishes to set up exclusive 
territories for energetic and capable men who 
are experienced. Liberal commission which en- 
ables you to go after @.E.M. and jobber busi- 
ness. Home office Detroit, Michigan. Box 436. 
INSTRUMENT TECHNICIAN. Maintenance of 
industrial instrumentation and control. Must 
be experienced. Modern instrument shop with 
new modern equipment. Permanent with op- 
portunity for advancement. Good pay, insur- 
ance and other benefits. Write giving details 
of training experience, etc. Location Texas. 
Box 437. 

TEST EQUIPMENT TECHNICIAN. Must have 
a number of years experience working with 
Pressure and temperature control equipment. 
Location Baltimore, Md. Box 438. 


MECHANICAL DESIGNERS. With a thorough 
understanding of the application of small gear 
trains, motors, lever and associated components 
for design of precision instruments. Location 
Baltimore, Md. Box 439. 

GLASS BLOWER. Man with teaching ability 
and experience in off-hand glass blowing; knowl- 
edge of thermometry desirable but not neces- 
sary. Excellent working conditions, good wages 
to start. Write giving full particulars. Loca- 
tion Philadelphia, Pa. Box 440. 

RECENT COLLEGE GRADUATES. Graduates 
or young men with equivalent experience to 
help develop, build and test experimental in- 
strumentation in laboratory. Excellent oppor- 
tunity for men who want to get into creative 
work. Location Baltimore, Md. Box 441. 
MECHANICAL ENGINEER. Experienced in 
design and production of optical and photo- 
ttaphic instruments. Location Pittsburgh, Pa. 
Box 442. 
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MECHANICAL ENGINEER. Graduate with at 
least 2 years experience in design and develop- 
ment of instruments and miniature mechanisms 
and preferably with some electronic experience. 
Excellent opportunity. Location Houston, Texas. 
Box 443. 


GOVERNMENT SERVICES 


To apply for any of the following Federal 
Agency positions, secure Standard Form 57 
“Application for Federal Employment” from 
your local post office or write for the form to 
the involved agency. Complete the form and 
mail direct to the personnel office of the agency 
holding the vacancy. 

PHYSICIST. Guidance and control systems in- 
cluding instrumentation. Must have bachelor’s de- 
gree in a field of science from accredited college 
or university and at least four years of broad 
and progressive experience in the field of science 
covered by the vacancy. Grade level GS 13 


($7600—$8600). Location Naval Ordnance Test 
Station, Inyokern, China Lake, California. 


PHYSICISTS. Eight vacancies. Instrumentation 
design; electricity and magnetism; acoustics 
and underwater sound. Must have bachelor’s 
degree in a field of science from accredited col- 
lege or university and at least one year of pro- 
fessional experience in field covered by the 
vacancy. Grade level 7 ($3825-$4575). Lo- 
cation Navy Mine Countermeasures Station, 
Panama City, Florida. 

ELECTRONIC ENGINEERS, Ordnance. Five 
vacancies. Electronic instrumentation; design 
aircraft fire control, specifications of ordnance. 
Must have bachelor’s degree in field of engi- 
neering pertaining to the vacancy and at least 
three years of broad and progressive experience 
in the field of science covered by the vacancy. 
Grade level GS 11 ($5400-$6400). Location Bu- 
reau of Ordnance, Navy Department, Washing- 
ton 25, D.C. 

MECHANICAL ENGINEERS. Ten _ vacancies. 
Instrumentation of mines, depth charges, rocket 
propulsion, fuses, wind tunnel models. Must have 
bachelor’s degree from accredited college or 
university and at least one year of professional 
experience in field covered by the vacancy. 
Grade level GS 7 ($3825-$4575). Location Naval 
Ordnance Laboratory, White Oak, Silver Spring 
19, Maryland. 


MECHANICAL 
Experience in 


ENGINEERS. Four vacancies. 
instrumentation, orifice design: 
turbine and gear. Must have bachelor’s degree 
from accredited college or university and at 
least one year of professional experience 
covered by the vacancy or five years acceptable 
progressive experience so as to demonstrate 
candidate has acquired fundamental knowledge 
and skills required. Grade level GS 7 ($3825- 
$4575). Location Naval Boiler and Turbine 
Laboratory, Naval Shipyard, Philadelphia, Pa. 
ENGINEER, TOOL. Design of gages. Must 
have bachelor’s degree in a field of science from 
accredited college or university and three years 
of responsible, progressive, professional ex- 
perience in the particular field of science 
covered by the vacancy. Grade level GS 11 $5400- 
$6400). Location Naval Gun Factory, Wash- 
ington 25, D.C. 


ENGINEERS, TOOL. Six vacancies. Inspec- 
tion gages: general tooling. Must have bach- 
elor’s degree in a field of science from accred- 
ited college or university and two years of 
progressive professional experience including at 
least one year of research or scientific inves- 
tigative work in the particular field covered 
by the vacancy. Grade level GS 9 ($4600-$5350). 
Location Naval Gun Factory, Washington 25, 
D.C. 


ELECTRONIC SCIENTISTS. 
Instrumentation design. Must have bachelor’s 
degree from accredited college or university 
and at least one year of professional experience 
covered by the vacancy or four years accept- 
able progressive experience so as to demonstrate 
candidate has acquired fundamental knowledge 
and skills required. Grade level GS 7 $3825- 
$4575). Location Navy Mine Countermeasures 
Station, Panama City, Florida. 


ELECTRONIC SCIENTISTS. Fourteen vacan- 
cies. Instrumentation systems; communications; 
electromagnetic radiation, radar. Must have 
bachelor’s degree from accredited college or 
university and at least one year of professional 
experience covered by the vacancy or five 
years acceptable progressive experience so as to 
demonstrate candidate has acquired knowledge 
and skill required. Grade level GS 7 ($3825- 
$4575). Location Naval Electronics Laboratory, 
San Diego 52, California. 


MECHANICS, LABORATORY. Five vacancies. 
Operator and maintenance man for electronic 
calculator. Must have bachelor’s degree from 
accredited college or university or four years 
of acceptable progressive experience of such 
nature as to demonstrate the candidate has ac- 
quired fundamental knowledge and skills _re- 
quired by the vacancy. Grade level GS 5 
($3100-$3850). Location Naval Proving Ground, 
Dahlgren, Va. 


MECHANIC, LABORATORY. Junier operator 
and maintenance man for electronic calculator. 
Must have experience in field covered by vacancy. 
Grade Level GS 4 ($2875-$3355). Location 
Naval Proving Ground, Dahlgren, Va. 
Opportunities for employment for electrical, 
electronic, mechanical, chemical and civil en- 
gineers with experience in instrumentation, and 
for laboratory instrument technicians exist at 
the following Navy Department research and 
testing facilities in Southern California: 
U.S. Navy Electronics Laboratory, San Diego 
U.S. Naval Ordnance Test Station, Inyokern, 
China Lake 
U.S. Naval Ordnance Test Station, 
U. S. Naval 


Two vacancies. 


Pasadena 
Air Missile Test Center, Point 


Naval Engineering Research and 
ation Laboratory, Port Hueveme 
Institute for Numerical Analysis, 
Bureau of Standards, Los Angeles 
Excellent opportunities for promotion, in- 
surance benefits, old age and disability retire- 


Evalu- 


National 


ment, twenty six days vacation annually 
Application forms and additional information 

concerning employment opportunities may be 

had from the Board of Examiners, 1030 East 


Green Street, Pasadena, California, or from the 
personnel offices of the individual activities. 





NEW JERSEY SECTION SYMPOSIUM 
Factors in Design of Instrument Panels 


Factors involved in design of instru- 
ment panels will be presented at Third 
Annual Symposium of the New Jersey 
Section on Tuesday afternoon and eve- 
ning, April 3, 1951 at the Essex House 
Hotel, Newark, N. J. 


Robert L. Hurley of E. I. du Pont de- 
Nemours will speak on philosophy of 
panel layout as developed by a large 
chemical processing engineering depart- 
ment. The effect of color will be 
stressed. Edward J. Grace of Sun Oil 
Company will represent the Petroleum 
Industries approach to current panel 
design. William A. Hagerbaumer of 
Socony Vacuum Oil Company will give 
a case history detailing the relative 
costs of a conventional panel as com- 
pared with a graphic. 


Other speakers will discuss humani- 
ties to be considered so that the oper- 
ator may have not only good informa- 
tion conveniently located, but also will 
correctly read the figures under stress 
of emergencies. Data will be shown. 

Representatives of instrument manu- 
facturers will act as formal discussors 
of the papers and further present the 
manufacturers views in specific situa- 
tions. New equipment will be discussed. 
Experts from the users group are also 
expected to be present to enter in dis- 
cussion. 

All members and guests are invited 
to attend the Symposium as guests of 
the New Jersey Section. Registration 
will start at 2 P.M. 
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for electrical control applications 


re La LULL 


FOR SHEET METAL ENCLOSURES 











If you need an enclosure for one, two or 
three instruments, or hundreds of instru- 
ments, call on KIRK & BLUM for fast, ac- 
curate fabrication. The photo above shows a 
typical large installation. Almost 100 instru- 
ments and controls are visible in this instal- 
lation in a major refinery. 














KIRK & BLUM is equipped and experi- 
enced to fabricate one unit or hundreds, spe- 
cializing in custom-built parts and assemblies 
of sheet steel, light plate, stainless aluminum, 
monel and other alloys in gauges 34” and 
lighter. 








For more detailed information, write now 
for your free copy of the NEW Kirk & Blum 
Electrical Enclosures booklet. 







Control Desks @ Cubicles @ Electrical Cabinets 
& Enclosures 


@ Power Distribution & Control Panels 
Gear Housings 








@ Switch 







@ Boiler, Generator & Turbine Control Plants 





@ Louvres 


@ Test Stands, Controls & Desks © 
Panels 






Instrument 






@ Outdoor Electrical Enclosures 





Transformer Tanks 






. and other Fabricated Products 







For prompt quotation, send prints to: 


THE KIRK & BLUM MFG. CO. 
2911 Spring Grove Ave. Cincinnati 25, Ohio 
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Want to solder glass to metal? 


Yes, it can be done and very simply, too! Here’s how: 


Tin metal part in usual way. 

Remove all flux and dry. 

Heat cleaned glass, glazed ceramic, mica or quartz to 
250° F. Melt solder at 250° F and apply to surface 
with small fine bristle paint brush or cotton swab. 
Assemble tinned parts, reheat to melting temperature 
of solder and flow in additional metal to complete 
joint. 


Cerroseal-35 is the unusual solder used for this appli- 
cation and has been successfully employed to: Seal 
glass to glass or metal parts in laboratory vacuum sys- 
tems, low-temperature operating vacuum tubes and 
manometers; hermetically sealing instrument cases 
and for soldering metal to metal, (not aluminum) 
where extremely low temperature is essential. 


A sample and instructions are yours for the asking. 


CEREO de PASCO 


COPPER CORPORATION 





Dept. 18 e 40 Wall Street e New York 5, N. Y. 











“The Best Book of its khind—not only on Glass 
Blowing but on hundreds of techniques” 


Scientific and Industrial 
Glass Blowing and 
Laboratory Techniques 


By 
WILLIAM E. BARR and VICTOR J. ANHORN 
Gulf Research and Development Co. 


This book appeared in serial form in Instruments 
from December 1945 to November 1947 (both inclu- 
sive) and was hailed in many laboratories and plants 
as “the last word on a hundred and one useful sub- 
jects.” 

Skilled Technician Barr and Scientist Dr. Anhorn 
have jointly written the MOST INFORMATIVE 
book on glass blowing ever prepared. 

Not only is construction explained in detail, but the 
operating principles of all pieces of apparatus are 


also explained. 
380 PAGES 


212 FIGURES, most consisting of 
several diagrams, total over 300. 


24 TABLES. EXPERTLY-COMPILED INDEX. 


$6.00 postpaid 


Remittance must accompany order 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Ave., Pittsburgh 12, Pa. 
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Where safety fac- 
tors require 
valve must not 
go out if dia- 
3 phragm ruptures, 
employ Type 98 
Duplex Dia- 
3 phragm. 


that 


anced line of quality 
for secrecy, and handles each 
confidence. If there is an answer, your BS4&B-Climax 
Man can find it for you. 


Where needle 
valve or metering 
pins are used in 
valves that must 
be closed on fail- 
ure of operating 
.wnedium, Type 86 
DRT with re- 
versed top works 
should be used. 


Quick, Clear Solution 
of Tough Problems 


... in Strictest Confidence 


Your BS&B-Climax Man is unique in that he has both 
long experience in process control and a complete, bal- 





ty, 











Control. flow, temperature, pressure or 
liquid level... handle air, gas, vapor, 
steam or liquids equally well with the 
BS&B-Climax type 86! Wide rangeability 
and constant proportional flow increase 
as valve opening increases with travel is 
a result of high-lift design and character- 
ized inner valves. A full line of accessories 
permits scores of adaptations. 





































DIAPHRAGM 


CONTROL VALVE 


TYPE 86 is available in double port sizes ¢. 
Y2 inch to 16 inches; single port, 2 inch to 
4 inches. Pressure ranges are 125 to 5000 
psi, within body limits. Parabolic, quick- 
opening, V-port, needle and metering pin 
inner valves are offered. Available with re- 
verse top works, duplex diaphragm, finned 
cooling section, purged gland section, 
handwheels, bellows stem packing, steam- 
jacketed bodies and valve positioners. — 


BLACK, SIVALLS & BRYSON. INC. 
Kansas City — , ga — Oklahoma City 
Cable Aditvenes BLACKSIV, New York 

























For manual con- 
trol and for limit- 
ing valve travel, 
Type H Hand- 
wheels are in- 
stalled on upper 
diaphragm cas- 
ing. 






BLACK, SIVALLS & BRYSON, INC. 
Sales Promotion Dept. Climax Controls Division 
Sec. C8A-95-2 7502 East 12th Street, Kansas City 3, Mo. 
(1 Send catalog and complete information about BS&B Climax Type 86 LC 
phragm Control Valves. [J] Have Sales Engineer call. No obligation to 1 
of course. 
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may be the answer to many of your production and cost problems a of 
today. These extremely accurate, automatic regulators, operating on the exclusive Jet Pipe x 
Principle, offer unusual advantages in controlling pressure, flow or proportioning of liquids comme! 
and gases. Design and engineering of Askania units permit basic versatility of operation and toward 
application — but precision control, which distinguishes Askania products, is achieved with the anr 
a highly sensitive sensing or measuring system which amplifies a minute signal into a power- and the 
ful force. coming 
Askania Controls, for years, have been used in an increasingly diversified number of When 1 
applications throughout industry. Each year, many companies realize that the time has come to rest 
for them to welcome the very finest of controls in their plants. Because for processes requiring vihectty 
maximum accuracy — where dependability is all important — where tough control problems at's . 
are met — Askania Controls are the answer. t } 
Each year finds Askania more advanced in engineering know-how, experience and facilities PLOY 
to better serve all industry. Yet the basic simplicity of Askania Controls remains unchanged which 
throughout the years. You set them and forget them — they are simple, rugged, reliable and flow th 
as maintenance-free as human ingenuity can devise. Where can you use Askania Controls and the 
in your plant? relation 
ASKANIA JET PIPE PRINCIPLE ; oe : 
”y the 
The Askania Jet Pipe amplifies minute signals into The Jet Pipe moves with the slightest change of meter | 
powerful movements of hydraulic cylinders to signal, allowing more or less oil to enter the right was Jc 
operate valves, dampers or other mechanisms or left opening. : deseribi 

t é ; This moves the piston to the right or left produc- 1, 
he Jet Pipe swings on a hollow bearing into ing proportional cylinder action. As equilibrium disk ty 
which oil is supplied. As the oil leaves the nozzle is re-established the Jet Pipe returns to its. neutral saad 
it strikes at two adjacent openings in a distributor. position and the piston stops. agg 
Askania Bulletins 118 and 139 give ———— 

a more complete story of Askania 
Send for these bulletins .. . Controls and the Jet Pipe Principle Va 
, 15th, 
Down 
Meeti 
F'ec 
Affect 
ASKANIA REGULATOR COMPANY MeM: 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION Societ 
246 E. Ontario St., Chicago 11, Ill. _ 
emer erase 
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ROTAMETERS 


By W. J. 


INTRODUCTION 


LOW measurement is indispen- 
sible to our modern industry. 
Flow instruments are used to 


control plant processes, to fix ratios of 
materials during continuous operations, 
to determine what actually happens, 
and to determine the economics of the 
process involved. 


This discussion will be necessarily 
limited to one type of flow meter, 
namely, the rotameter, which is the 


simplest, most accurate device for the 
measurement of fluid flow, that has ever 
yet been devised. 


DEFINITION 


A rotameter comprises a_ tapered 
glass tube fastened in a vertical posi- 
tion in the line of a pipe, in which the 
fluid is flowing, with a specially de- 
signed float that fits snugly at the bot- 
tom of the tube. As soon as flow 
commences, the float rises with the fluid 
toward the top of the tube. As it rises 
the annular passage between the float 
and the tube increases until all the fluid 
coming thru the pipe is allowed to pass. 
When this oceurs and the float comes 
to rest, its weight exactly balances the 
velocity pressure of the fluid plus the 
float’s own bouyancy (Fig. 1). Hence, 
it provides a visible measurement in 
which the actual fluid itself and its 
flow through the pipeline can be seen 
and the variation in flow observed in 
relation to a calibrated scale. 

The rotameter was invented in 1868 
by the Frenchman, Chameroy. An area 
meter based on a tapered tube. Next 
was Joslin’s British patent in 1879 
describing a glass tapered tube with a 
disk type float for gas measurement. 
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Then came Kupper’s German patent in 
1908 that added the idea of slotting 
the float head to impart the character- 
















































































istic spinning float action which in- 
spired the name “Rotameter.” Amer- 
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ican leadership in this field became 


established in the early thirties. 
USES AND APPLICATIONS 
The rotameter is primarily a local 
indicating instrument with a uniform 
seale calibrated for any unit of measure 
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(Fig. 2). An electric transmitter (Fig. 
3) has been added to operate remote 
instruments. This method is known as 
the “Null balance inductance bridge 
circuit.” 

Combinations available are: Indicat- 
ing; Recording; Recording Intergrat- 
ing; Indicating Recording; Indicating 
Recording Intergrating; Recording Con- 
trolling, Air output; Recording Con- 
trolling, Electric output; Proportioning, 
Electric Control—Alarm Signals. 

Uses: Rotameters are commonly used 
for metering gases, vapors and liquids 
—opaque or transparent, two excep- 
tions being hot caustic and hydrofluoric 
acid either of which attacks the glass 
tube. 
Rotamete) Pressures 


capacities, Sizes 1 pprox- 


imate Limitations 

Water tir 

Min.— 2-10 CC/min Min 200 CC/min 
Max.—800 GPM Max 1000 CEM 
Pipe Sizes Pressures 

Min “a”. NPT Min 1” W.G 
Max 6” NP Max.—-3000 psig 


SELECTION 


Rotameters are fundamentally de- 
signed for accurate measurement of 
small flows and it is not practical or 
economical to extend too far into the 
range of head type or orifice meters. 

The rotameter has many basic ad- 
vantages for flow measurement, among 
them the following: 

Accuracy: The rotameter has a high 
reproductible accuracy; it will consist- 
ently repeat its indication of a given 
flow. It also has high reading accuracy 
because of its basically long scale which 
in the standard length is 10 inches and 
in the extra length is 25 inches. Ac- 
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curacy as high as 99.0 percent can be 
obtained in the standard length meter 
and as high as 99.5 percent in the extra 
length extreme accuracy design. There 
is no friction, no lag, no hysteresis to 
affect this accuracy, and the glass tube. 

Resistance to Corrosion: The pyrex 
borosylicate glass tube resists the ac- 
tion of practically every fluid except 
hydrofluoric acid and hot caustic. Meter 
fittings and the float also can be made 
to resist the action of corrosive chem- 
icals by using such materials as stain- 
less steel, duriron, hastelloy, ceramics, 
rubber, monel, plastics, Everdur or 
other special bronzes and other mate- 
rials. 

Uniform Scale: Calibrations on a 
rotameter scale are evenly spaced and 
wide apart. The lower part of the scale 
can be read as easily as the upper part. 

Constant Low Pressure Drop: Pres- 
sure loss through the rotameter is low 
and practically constant at all flows. 
The annular opening between the float 
and the bore of the tapered glass tube 
enlarges as the float increase 
of flow. 


rises on 


Easily Cleaned: The necessity of 
cleaning is readily seen because of the 
transparent glass tube. Cleaning can 
quickly and easily be accomplished 
through top and bottom clean-out open- 
ings without the necessity of removing 
the rotameter from the pipe line. 

Low Maintenance Cost: The simplic- 
ity of the rotameter’s only one moving 
part—the float—implies the minimum 
of wear. In the free float construction 
there is no mechanical friction; in the 
case of the guided float construction, 
the friction is extremely small. 

Wide Range: Ranges from maximum 
to minimum of 20 to 1 are common in 
rotameter construction and even wider 
ranges may be obtained. The rotameter 
has the widest range of any flow rate 
measuring device. 

Immediate Response: If the rota- 
meter is absolutely free, it responds 
instantly to the slightest change in flow. 
This is of great value to the operator 
for thus he knows instantly when the 
flow rate changes from the specified 
amount. 

Low Installation Cost: The rotameter 
lends itself easily to the regular flow 
piping and its installation is negligible 
compared to the expensive layout of 
orifice meter runs. 

The disadvantages of rotameter are 
several. The glass tube—the “heart 
and soul” of the rotameter—is break- 
able, due to an external or excessive 
shock, pipe strains, and even quick 
temperature changes. In such cases, the 
rotameter becomes a fire hazard and 
can be a source of injury to operators. 
Rotameters are constructed with two 
stuffing boxes which in severe services 
presents considerable maintenance and 
loss of valuable fluids. In case of the 
remote transmission systems which are 
expensive, the basic difficulty of all flow 
meters using induction bridge trans- 
mitters has in the past been the seem- 
ingly incurable effect of temperature 
changes on the resistance (and there- 
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fore the balance points) of the im- 
pedance coils. However, one rotameter 
manufacturer does claim a new devel- 
opment wherein the transmitter is not 
appreciably affected by temperature 
changes. Also, there will be many in- 
stances where gases and liquids will 
continually form deposits on the inside 
of the rotameter tube and the float, 
therefore affecting visibility and ac- 
curacy and requiring frequent cleaning. 


CONSTRUCTION 


The success of the rotameter as an 
accurate flow measuring device is based 
on the precision bore glass tapered 
tube. The dimensional tolerances to 
which these tubes are held are such that 
each tube of given size is interchange- 
able with any other of this size. The 
complete fidelity of this interchange- 
ability requires adherence to tolerances 
of 0.0002 in. for the smaller tubes—a 
thoroughly remarkable production per- 
formance. The tapered glass tube is 
formed in a metal mandrel so _ that 
the accuracy and mirror-like internal 
smoothness of the glass tube naturally 
depends on the dimensional accuracy 
and finish of the stainless steel mandrel. 
Rotameter scales are in some instances 
etched on the rotameter tube itself. At 
least one manufacturer offers a_re- 
movable calibrated scale lying in close 
proximity to the metering tube which 
permits changing from one service to 
another merely by changing to the 
appropriate scale. In the case of rota- 
meter floats, there are two classifica- 
tions—the float and the guided 
float. 

The free float is the absolute in sim- 
plicity. There is only one moving part 
which is itself the primary meter and 
the ultimate indicator. There is no 
friction whatsoever, hence no hystere- 
sis, and if the tapered tube is kept clean 
there is no reason readings cannot 
be reproduced to within the capacity 
of the observer’s eyesight. The above 
depends on one prime factor and that 
is that the float be in the exact center’ 
of the tapered tube for all readings and 
that the float does not wobble or oscil- 
late. The top-shaped free float, quite 
satisfactorily meets these conditions, 
but when constancy must be met, the 
free center guided type takes care of 
such jobs. 


free 


The guided float when properly made 
is almost frictionless, being bushed for 
only two points of contact on a stainless 
steel guide wire. The bushings are 
characteristically rounded and are of 
stainless steel, glass or sapphire jewels. 
Greater accuracy is secured by means 
of the guide rod since the float is 
always properly aligned with respect 
to the metering tube. The guide rod 
makes sure that accuracy is maintained 
since it is impossible for the float to 
change the shape of the annular area 
by oscillating. Furthermore, greater 
flexibility is obtained, and while the free 
float must be designed along specific 
lines to insure stability, the guided 
float retains stability although specif- 
ically shaped. 

Dimensional floats to 


and weight 


overcome the problems encountered in 
certain specific services are as follows: 

a. Density compensation guided floats 
can be used where the inaccuracy due 
to normal changes in fluid density must 
be overcome. 

b. Uni-vis guided floats can be used 
where inaccuracies due to normal 
changes in fluid viscosity must be over- 
come. 

ec. Small diameter ratio guided floats 
can be used to decrease the flow range 
to as low as 2 to 1 or less. 

d. Light weight ratio guided 
can be used to reduce the pressure drop 
through the rotameter to the absolute 
minimum. 

Uni-vis floats are used to avoid vis- 
cosity effects. Studies of viscosity ef- 
fects reveal that special shaping of the 
float will maintain the flow efficiency 
coefficient at practically constant flow 
and will nullify almost entirely the 
effect of viscosity changes. 

With the conventional plumb-bob 
rotameter, a slow increase in fluid vis- 
cosity tends to lift the float upward 
because of the large surface area ex- 
posed to surface drag. Moreover, the 
stream pattern varies greatly with 
changes in temperature. Almost com- 
plete immunity from these effects can 
be secured by a float made up of a 
sharp edged disk with a body portion 
small in diameter but of sufficient 
length and with suitable density to 
secure the desired float weight. There- 
fore with such a float, almost identical 
turbulence is produced over a_ wide 
range of fluid velocities. 

Guided plastain floats achieve very 
satisfactory density compensation. If 
the unit of measurement is in terms 
of weight, a means for self-compensa- 
tion, for changes in density of fluid is 
presented by the basic rotameter prin- 
ciple. An inspection of the governing 
formula will reveal the fact that by 
making the float density equal to twice 
the density of the metered fluid, a mean 
compensation is secured; the rotameter 
is then practically independent of fluid 
density when the scale is in weight 
units. Particularly in gasoline measure- 
ment, this result may be accomplished 
by making the sharp edged disk por- 
tion of stainless steel and the cylindrical 
body of plastic. This combination of 
plastic and stainless steel gives the 
float the name ‘“Plastain.” For density 
compensation, a plastain float should 
be specified. 

Good stuffing box design is extremely 
important in a rotameter to obtain a 
leak proof joint between the tapered 
glass tube and the metal end fittings 
which join it to the pipe line. The stuff- 
ing box should be provided with at least 
two packing rings of sufficient depth 
and wall thickness to provide for a se- 
cure seal on the glass tube. The pack- 
ing adjusting ring should be of ample 
strength and easily adjustable with a 
spanner or strap wrench. 

Dashpot rotameters for pulsating 
flows are designed especially for ac- 
curate rate of flow measurement of 
pulsating flows. Since the calibration 
curve of the rotameter is a linear func- 
tion which therefore results in evenly 
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spaced gradvations on the calibration 
scale, the mean rate of flow is accurate- 
ly determined by obtaining the linear 
mean distance between the extremes of 
flow. To eliminate the difficulty in at- 
tempting to determine the mean dis- 
tance between extremes of pulsation 
by observation, there is placed either 
below the meter body an 
containing a_precision-bore 
gage glass in which a closely fitting 
piston attached to the metering float 
functions to indicate the average rate 
of flow. Any desired degree of dashpot 
effect is possible through design of the 
piston. Where it may be necessary to 
vary the degree of dashpot effect after 
the rotameter is in service a by-pass 
containing a needle valve across the 
dashpot extension can be employed. The 
desired dashpot effect can then be ob- 
tained by adjusting the valve. 
Rotameters for opaque fluids are 


above or 
extension 


recommended where difficulty in reading 
the position of the metering float may 
be encountered because of fluid opacity. 
To overcome this difficulty, an extension 
containing a precision-bore gage glass 
is attached to the meter body either 
above or below as desired. A closely 
fitting piston attached to the metering 
float and extending into the gage glass 
indicates the rate of flow through the 
rotameter. The diameter of the piston 
is only a few thousandths of an inch 
smaller than the inside diameter of 
the gage glass, thus permitting only a 
thin film of fluid, not enough to ob- 


secure the piston, between the piston 
and gage glass. 
Rotameters for vapors containing 


condensibles are available to eliminate 
the inaccuracies arising from the tend- 
ency for condensate to collect on the 
float. This type is similar to the dash- 
pot and opaque extension rotameters, 


the difference being in the type float 
used. The metering float is hollow and is 
connected to the piston by a hollow tube. 
Condensate collecting on the metering 
float drains into the extension which for 
this type must, of course, be attached 
below the meter body. By appropriately 
connecting a drain or stream trap, the 
lower extension can be maintained 
empty or full of the liquid depending 
on the degree of dashpot effect desired. 


SUMMARY 


In the rotameter we have a most sim- 
ple and inexpensive device, yet the 
most accurate and the most adaptable 
flow instrument fundamentally designed 
for use in an all-important field of 
small and medium flow processes. Its 
popularity and usefulness is well de- 
served and is highly appreciated, be- 
cause, with a _rotameter one can 
SEE “what goes on” as it measures. 


Industrial Applications of Manometers 


By CHARLES MERIAM, Mer., Western Division, The Meriam Instrument Co. 


that the name 
from the use 


OME have said 

manometer sprang 

of a leathern bag and vertical 
glass tube filled with mercury and 
squeezed by a man to indicate the 
strength of his fingers—man meter— 
hence manometer. While such a device 
no doubt was amusing, it was the 
Greeks who had two words for it in the 
origination of the term manometer. 
The Greek “manos” meaning rare and 
“metron” meanine to measure were 
combined to form manometer which to- 
day means a “rare” or light-pressure 
and low-differential indicator. Through 
usage the term has come to most often 
mean a mercury or fluid-column_ pres- 
sure indicator. 

Manometers have been’ used for 
hundreds of years, possibly thousands. 
One of the best known of the early 
manometers was the sixteenth century 
Torricelli Tube of mercury manometer 
which indicated the atmospheric pres- 
sure. The average individual sees a 
manometer each time he has his blood 
pressure taken. Physicians call it the 
sphygmomanometer. 

Though manometers have been used 
for such a great number of years, the 
term is still not widely known. Many 
engineers think of a manometer as a 
classroom oddity of their school days. 
They miss the fact of the intrinsic 
accuracy of the fluid-column manometer 
as it balances pressure against gravity. 

It was back shortly after 1900 that 
Mr. Meriam first designed the com- 
mercial U-tube manometer with protect- 
ing metal case and cement packed tubes 
to provide for pipe connections. He 
used the manometer to show the pres- 
sure drop around a 0.75-in. orifice in a 
gas line supplying a large stationary 
gas engine. Watching the manometer, 
he was able to see improvements in gas 
economy as he made close adjustments 
to the engine mixing valve and ig- 
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nition. Laying the manometer on an in- 
cline he increased its sensitivity and 
called the unit the “Gas Economy In- 
dicator.”” Some are still in use today as 
obviously a manometer can never wear 
out. The manometer has been applied in 
thousands of ways. Interestingly though, 
one large use of manometers is still in 
indicating the flow of air and fuel to 
engines. In operating engines and par- 
ticularly in testing them after assembly 
the manometer has not been excelled. 











The test engineer desires to know the 
flow of air to the engine in Ibs. per hr. 
so that he may know his air-fuel ratio. 

An orifice or flow nozzle is inserted 
in the air line and an Inclinometer 
(incline-tube manometer) is used to 
measure the pressure drop around it. 
The incline tube is hinged at the bottom 
as shown schematically in Fig. I and a 
double adjustment is used at the upper 
end. As the temperature of the flowing 
air increases the volume is greater 
though the weight of air is the same. 
Raising the incline keeps the fluid 
meniscus at the same pounds-of-air 
reading. As the pressure on the flowing 
air increases the volume is less though 
the weight remains the same. Lowering 
the incline keeps the fluid meniscus at 
the same pounds-of-air reading on the 
square root scale. The operator adjusts 
the pressure and temperature compen- 
sators as often as necessary, and the 
Inclinometer always indicates’ the 
pounds air per hour. 

The Inclinometer 


having been de- 


veloped before the war proved of tre- 
mendous worth in the testing of the 
thousands of aircraft engines built 
for war service. Every one has been test 
cperated with the Inclinometer meter- 
ing the air consumption. 

An ingenious application for a simi- 
lar adjustable incline manometer was 
found at a chemical company engaged 
in the artificial rubber program. In 
determining the gravity of gases the 
high and low pressure ends of the in- 
cline were connected to 30 foot stand 
pipes. There were two approximately 
0.5-in. copper tubes run up inside a 
l-in. steel pipe support. By suitable 
valving a base gas (in this case hydro- 
gen) and the gas in question were 
flushed through the vertical copper 
tubes to completely purge them. A 
twist of the valves brought the weight 
of the column of hydrogen against the 
upper end of the incline and the weight 
of the lower end. The gravity was im- 
mediately indicated on the scale of the 
incline manometer. Raising or lowering 
the incline permitted use of different 
base gases. Gravities determined on the 
Inclinometer were correct to one place 
in the third figure with values deter- 
mined molecularly by the laboratory. 
In addition they were obtained in a few 
seconds at any time. 

A valve manufacturer was permitted 
a certain leak on relief valves. His in- 
spection department put them under 
pressure and submerged them in water. 
If the bubble rate was high they were 
rejected; if low they were passed. There 
was a maximum of human element and 
the valves had to be carefully dried 
after test. The test fixture was modified 
to include a chamber of definite size 
into which the leakage was caught. A 
manometer was connected to the cham- 
ber. If the valve leaked enough to fill 
the chamber to too great a pressure 
as indicated by the manometer in a 
given time, the valve was rejected. To 
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save the operator, a contact rod was 
set above the mercury, and a light was 
connected as shown in Fig. 2. If the 
light lit within the time limit the valve 
was immediately rejected. 

A somewhat similar leakage indicator 
but one having more widespread appli- 
cation is the manometer, equalizing 
valve and bottle, Fig. 3. The bottle, a 
chamber of approximately one quart 
volume, is leakproof. The unit is con- 
nected to the pipe section, tank or 
piping installation to be tested. The 
valve is opened and both chamber and 
item to be tested are put under the 
same pressure. The valve is closed. The 
fluid in the manometer moves quickly if 
there is only a tiny leak for it is sensi- 
tive to a very small drop in pressure. 
This device has wide application wher- 
ever leakage tests are made. 

For calibrating aneroid diaphragms, 
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sensitive bellows, hook gages, and for 
reading low velocity heads directly an 
indicator reading in thousandths of 
inches of water is desired. The micro- 
manometer was developed to fill the 
need, for again a master standard de- 
vice was required. 

The micromanometer is of the well 
type. The pressure to be measured 
forces the fluid up the vertical tube 
away from its zero setting which is 
directly behind the hairline on the 
incline (Fig. 4). Operation of the ac- 
curate leadscrew lowers the well and 
meniscus until the meniscus is again 
directly behind the hairline. The inches, 
tenths, hundredths, and thousandths 
are then read on the vertical scale and 
micrometer wheel. The sensitivity of 
the micromanometer depends much 
upon the fluidity of the manometer 
fluid. A special water was developed 
having a very precise amount of wet- 
ting agent and non-staining dye. By 
using the special gravity 1.000 con- 
centrate in distilled water as the indi- 
cating fluid each thousandth inch cf 
water pressure moves the meniscus 
nearly a full thirty second of an inch 
on the incline. The movement is easily 
seen. The micromanometer is a mas- 
sive instrument, for wherever minute 
differences are to be indicated no sub- 
stitute is found for heavy rigidity. 

In the calibration of low differential 
flow meters and in some cases the cali- 
bration of the higher range flow meters 
a manometer reading closer than inches 
and tenths is desired. A vernier man- 


ometer reading inches and hundredths 
is one good answer. The height of the 
usual manometer and the need for a 
ust-tight closure around its tube makes 
a sliding vernier and hairline difficult 
to operate. A continuous group ef 
verniers on a separate scale throughout 
the length of the manometer is the 
design answer. Wherever the meniscus 
comes to rest, there is a vernier hair- 
line less than half an inch away. A 
few turns of the simple external ad- 
justment connected to the vernier scale 
moves all the verniers until the nearest 
one is aligned with the meniscus. 

Naturally no vernier manometer or 
any other highly accurate and sensitive 
manometer can be correctly used un- 
less the pressures being measured are 
fixed. The fluid meniscus must be at a 
standstill or, as it is often termed, the 
meniscus must be “painted.” 
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A fine example of the application of 
a sensitive manometer to a baffling in- 
dustrial problem is the locating of leaks 
in gas protected telephone cables. Mois- 
ture in lead-sheathed telephone cables 
destroys its efficiency and greatly in- 
creases maintenance costs. To keep 
out moisture the cables are filled with 
inert gas (nitrogen, helium, etc.) under 
a pressure of about 20 pounds. The 
gas filters around the wire bundle and 
in case the lead sheath is punctured it 
flows out to prevent moisture coming in. 

Some cables are overhead and many 
are buried ten to twenty feet. Insects 
in the air, rodents, growing roots, or 
vibrations in the ground open tiny holes 
in the cable. Pressure stations are 
maintained about every three or four 
thousand feet of cable. The problem of 
locating a pin hole leak somewhere in 
the three thousand foot length would 
seem difficult. Where consumption of 
gas indicates a leak, a pressure grad- 
ient is established with the manometer. 
Reading in hundredths of pounds, min- 
ute pressure differences between stand- 
ard pressure taps on the cable are 
indicated. The pressure drop curve from 
one pressure station crosses the pres- 
sure drop curve from the other and the 
intersection locates the leak. Using the 
manometer carefully, the fieldmen gen- 
erally locate the leak within a few feet. 
Only one excavation is required. 

Only several manometer applications 
have been mentioned. Actually there are 
thousands. The fundamental accuracy 
of the manometer principle and the 
direct way in which the principle can 
be applied makes it easiest for the 
plant men to use a laboratory stand- 
ard “at the job.” 
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Picrurep above is one of the Brown pyrom- 
eter supplies stockrooms . . . maintained for 
prompt shipment of thermocouple extension 
wire of Baseand Noble metals— available with 
glass, plastic, asbestos and weatherproof in- 
sulations. Through your Honeywell Supplies 
Man, you can benefit by the convenience and 
availability of such stocks—in direct delivery 
from Philadelphia, Cleveland, Chicago, 
Atlanta, Houston, Los Angeles and San 
Francisco. 


A Honeywell Supplies Man will welcome the 


THERMOCOUPLE EXTENSION WIRE 


... of every type, for every need 


--- AVAILABLE THROUGH YOUR 


HONEYWELL SUPPLIES MAN 


opportunity to tell you all about the HSM 
Plan for new convenience and economy in 
your selection, purchasing and delivery of all 
your pyrometer supplies. There’s a Honey- 
well Supplies Man near you . . . at your local 
Honeywell office . . . no further away than 
your phone. Call him today! 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4482 Wayne Ave., Phila- 
delphia 44, Pa. Offices in more than 80 
principal cities of the United States, Canada 
and throughout the world. 


Honeywell 


BROWN 


INSTRUMENTS 


February 1951- Instruments 


Page 233 








TEMPERATURE CONTROL 


- with 


XAC]LINE 


ELIMINATE 
Overshooting 
Undershooting 


Are you going to continue to 
put up with that troublesome overshoot- 
ing and undershooting inherent in your 
conventional pyrometer control—espe- 
cially when it is so easy to eliminate that 
saw-tooth effect? 

Put XACTLINE in the control circuit. 
XACTLINE anticipates the temperature 
changes—before they occur. And too, it 
nullifies the varying amounts of thermal 
lag, residual heat, and mechanical lag— 
producing a short on-off cycle resulting 
in ‘‘Straight-Line’’ temperature control. 
This performance is possible because 
there is no dependence upon mechanical 
parts—XACTLINE operates electrically. 
rm ‘ i } | 4 ji TY T 
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Exact reproduction of temperature chart for a heat- 
ing process showing the comparison of the **Straight- 
Line’’ temperature control produced by XACTLINE 
and the saw-tooth curve obtained with only conven- 
tional control. 

XACTLINE is applicable to any indicat- 
ing or recording pyrometer control of 
the millivoltmeter or potentiometer type. 
It should be used wherever close tem- 
perature control is required—any type of 
electrically heated oven, furnace, kiln, 
injection molding machine, and fuel-fired 
furnaces equipped with motor-operated 
or solenoid valves. 

XACTLINE is a complete unit. No ad- 
justment or coordination with the control 
instrument is required regardless of the 
size of the furnace, length of the heat- 
ing cycle, or size of the load. Installa- 
tion is very simple—can be either flush 
or surface mounted. 

price $89.50 F.0.8. CHICAGO 

Nothing else to Buy 
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CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies « Industrial Furnaces & Ovens 
Pyrometers & Controls » Metallurgical Testing Machines 
Dept. 2! + 3000 South Wallace St., Chicago 16, III. 
Dept. 2! + 2035 Hamilton Ave., Cleveland 14, Ohio 
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New Literature 


In this department we report new literature pertaining to Instrumentation, re- 
ceived from the manufacturers. We urge readers to request ONLY those bulletins 
which will-be of value to them. Use the Postage-free Order Card on Page 237. 


Requests for literature FROM ABROAD 
mailed DIRECTLY to the manufacturers. 





should be made on company letterhead and 





T-106 LABORATORY SUPPLY CATALOG. 
980-page Catalog 450 illustrates and describes 
supplier's line of scientific apparatus and lab- 


oratory chemicals.—Burrell Corp., Pittsburgh 
19, Penna. 
T-107—TAPE RECORDER. 2-page_ Bulletin 


236934 illustrates and describes maker's profes- 
sional tape recorder type RT-11A; lists features 
and_ specifications.—Broadcast Equipment Sec- 
tion, RCA, Engineering Products Dep’t, Cam- 
den, N. J. 

T-108 POLARISCOPE. 4-page catalog illus- 
trates and describes maker's high-intensity po- 
lariscope; includes features and applications.— 
West Shore Laboratories, Box 117, Marblehead, 
Massachusetts. 

T-109 COUNTERS. 4-page bulletin describes 
and illustrates maker’s predetermining coun- 
ters; includes applications and operation.— 
Streeter-Amet Co., 4101 W. Ravenswood Ave., 
Chicago 13, Ill. 

T-110 MANOMETER. 12-page Catalog Sec- 
tion 42 illustrates and describes maker's kinetic 
manometer for flow metering; gives specifica- 
tions and typical installations.—Fischer & 
Porter Co., Hatboro, Penna. 

T-111 ELECTRONIC CONTROL SYSTEM. 
8-page Bulletin 1100 illustrates and describes 
maker’s “‘Telemaster” electronic master control 
system; discusses features, operation and ad- 
vantages.—Republic Flow Meter Co., 2240 Di- 
versey Parkway, Chicago 47, IIl. 

T-112 POWER SUPPLY. 2-page_ Bulletin 
T-128 illustrates and describes maker's ‘“‘Uni- 
bridge” power supply and bridge control unit; 


includes specifications.—Industria] Electronics, 
Inc., 8060 Wheeler St., Detroit 10, Mich. 

T-112 LABORATORY SAFETY. 40-page 
manual on recently developed data, techniques 
and equipment for laboratory safety.—Fisher 
Scientific Co., 717 Forbes St., Pittsburgh £9, 
Penna. 

T-114 RELAYS. 8-page Catalog 17 and price 


list illustrates and describes mercury plunger 
relays; includes specifications and diagrams.— 
Dept. MP 44, H. B. Instrument Co., 2633 Trenton 
Ave., Philadelphia 25, Penna. 


T-115 A-C. OUTLET. 1-page bulletin § de- 
scribes and illustrates maker’s miniature a-c. 
outlet; UL approved.—Alden Products Co., 117 


N. Main St., Brockton 64, Mass. 

T-116 GAGE BLOCK JACK. 4-page bulletin 
illustrates and describes maker's gage block 
jack to aid in cutting inspection time.—Mechan- 
ical Div., General Mills, Inc., 1602 Central Ave., 


N.E., Minneapolis 13, Minn. 

T-117 MICROMETER. 4-page Bulletin A-101 
illustrates and describes seven custom-built 
electronic instruments including micrometer, 


power supplies and calibration of line voltage. 
—Industrial Electronics, Inc., 8060 Wheeler St., 
Detroit 10, Mich. 

T-118 SAFETY SWITCH. 
7500 illustrates and describes 
con” hi-level safety switch that 
pressed air.—Automatic Control 
4, Minn. 

T-119 PRODUCTION COUNTERS. = 8-page 
Bulletin EC-42 illustrates and describes maker's 
dust-proof, panel mounting and standard elec- 
tric counters; includes dimensional diagrams and 
prices.—Production Instrument Co., 702 W. Jack- 
son Blvd., Chicago 6, Ill. 


10-page Bulletin 
maker's ‘Auto- 
works on com- 

Co., St. Paul 


T-120 TUBE SUBSTITUTION. 40-page ref- 
erence manual for substitute types of radio and 
television tubes; change-over diagrams included. 
—Radio Tube Div., Sylvania Electric Products 
Inc., Emporium, Penna. 

T-121 AMPLIFIERS. 4-page Form 236358 il- 
lustrates and describes maker’s “‘BN-2A’”’ remote 
amplifiers; includes features and specifications. 
—Broadcast Equipment Section, RCA, Engi- 
neering Products Dep't, Camden, N. J. 

T-122 ANGLE COMPUTER. 4-page Bulletin 
4 illustrates and describes maker’s compound 
angle plate which can hold work in any position 
of 0 to 90 deg. in two planes.—Angle Computer 
Co., 1709 Standard Ave., Glendale 1, Calif. 

T-123 LOW RANGE LIMITS BRIDGE. 4- 
page Bulletin 8A _ illustrates and _ describes 
maker's “Speed Sort” low-range limits bridge.— 
Associated Research Inc., 3758 Belmont Ave., 
Chicago 18, Il. 

T-124 HAND TACHOGRAPH. 2-page bulle- 
tin illustrates and describes maker’s ‘Model 
G-12”" portable hand tachograph; includes speci- 
fications and dimensions.—O. Zernickow, 15 Park 
Row, New York 7, N. Y. 

T-125 WATER STILLS. 8-page house organ, 
July 1950 issue of “Preiser News,”’ features 
article on “Principle and Operation of Water 
Stills’; includes section on new _ laboratory 
equipment.—B. Preiser Co., Inc., 416 W. Wash- 
ington St., Charleston 2, W. Va. 

T-126 CONTROL VALVES. 10-page brochure 
features article entitled “Dynamic Force Re- 
actions in Double Ported Control Valves’’; in- 
cludes charts and engineering diagrams.—Fisher 
Governor Co., Marshalltown, Iowa. 

T-127 COLORIMETER. 4-page bulletin illus- 
trates and describes English-made “Hilger” ap- 
paratus designed to simplify colorimetry (absorp- 
tiometry).—The Jarrell Ash Co., 165 Newbury 
St., Boston, Mass. 

T-128 TRANSMITTER-C ONTROLLER. 6- 
page Bulletin 11-1 illustrates and _ describes 
maker's differential-pressure transmitter and 
flow transmitter-controller; includes engineering 
diagrams.—Moore Products Co., Philadelphia 
24, Penna. 

T-129 PROTECTIVE EQUIPMENT. 8-page 
Bulletin G-10 illustrates and describes maker's 
approved protective equipment for the atomic 
energy field.—Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., Pittsburgh 8, 
Penna. 

T-130 TELEVISION EQUIPMENT. 8-page 
Form 2J6383 illustrates and describes maker's 
high-power TV amplifiers; includes equipment 
specifications for broadcast.—Engineering Prod- 
ucts Dep’t, RCA, Camden, N. J. 

T-131 SCINTILLATION COUNTING. 8-page 
catalog illustrates and describes four of maker's 
scintillation counting equipments; includes ap- 
plication, features and specifications.—R-C 
Scientific Instrument Co., 335 Culver Blvd. 
Playa Del Rey, Calif. 

T-132 ALUMINUM. 96-page handbook illus- 
trates and describes the “How, Why, Where 
and What” of aluminum; includes historical 
background and illustrations of all operations 
and applications.—Reynolds Metals Co., Louis- 
ville, Ky. 

T-133 APPARATUS NOISE MEASURE- 
MENT. 12-page Booklet Z24.7-1950 contains the 
American Standard Test Code for apparatus 
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The Accurate Way to 
Measure Extreme 


Temperatures at a glance 


The Simplified PYRO 


Optical Pyrometer 


SELF-CONTAINED. No 





correction charts, no ac- 
cessories, no up-keep. 
Direct-reading. 

ACCURATE. Permits 


close and rapid temp. de- 
termination even on 
minute spots, fast-moving 
objects, smallest streams, 
(“Special Foundry Type” 
and “Triple Range”’ also 
RED Correction 


have Sas 
determining 


Scale for 1 

ruc. spout and pouring | 
temps. of molten iron, | 
steel in the open.) | 
LIGHT IN WEIGHT— 

Only 3 Ibs. complete. 

Handy. 

PROVED IN USE— 

Thousands in daily use. 


Stock Ranges 1400°F. 
to 7500°F. 


for FREE Catalog No. 80—also catalogs 
on other PYRO Pyrometers 


THE teat my INSTRUMENT CO. 


ant an ab. 
BERGENFIELD 4, NEW JERSEY 
In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Toronto and Montreal 


Write 
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D'ARSONVAL PORTABLE oe | 


GALVANOMETERS 


AND MOVEMENTS... 


Series 570-500 
Mirror-Type 
D-C 


Galvanometer 


Ideal as a built-in component of other instru- 
—-with the 


desirable for 


ruggedness that 
Densi 
Unit 


magnet and zero cor 


ments— sensitivity and 


S$ especially Colorimetry, 


tometry, and various other measurements 


ncludes mirror movement, 


rection knob Choice of 4 standard models 
Write us about your application and requirements 


SM LABORATORIES Tye 


Chicago 41, Ill. 





4316 N. Knox Ave. 


noise measurement; includes procedures for 
factory tests of equipment, field investigations 
and sound-level specifications.—American Stand- 
ards Association, 70 E. 45th St., New York 17, 
om 

T-134. STEAM-JET SYPHONS. 4-page house 
organ, Vol. 2, No. 2 issue of “Engineering 
News,” features article on three-fold function of 
steam-jet syphons.—Schutte & Koerting Co., 1185 
Thompson St., Philadelphia 22, Penna. 

T-135 KLYSTRON SUPPLY. 4-page house 
organ, Vol. 2, No. 4 issue of the “hp Journal,” 
features articles on low-power klystron supply; 
article on repair of maker’s line of instruments. 
—Hewlett Packard Co., 395 Page Mill Road, 
Palo Alto, Calif. 

T-136 ELECTRIC FURNACE. 8-page house 
organ, Sept. 1950 issue of ‘Preiser News,” 
features article on “Principle and Operation of 
the Electric Furnace”; includes section on new 
items for laboratories.—B. Preiser Co., Inc., 
416 W. Washington St., Charleston 2, W. Va. 


T-137 POLARIMETER. 2-page bulletin il- 


lustrates and describes English-made ‘Hilger 
M412” standard polarimeter and new ‘*M417” 
small polarimeter.—The Jarrell Ash Co., 165 


Newbury St., Boston, Mass. 
T-138 BRIDGE OSCILLATOR. 8-page house 


organ, Vol. XXV, No. 7 issue of “The General 
Radio Experimenter,” features articles on 
maker’s “Type 1330-A” wide-frequency-range 


bridge oscillator, and toroidal dust-core induc- 
tors; discusses construction, mounting, compari- 
son and specifications.—General Radio Co., 275 
Mass. Ave., Cambridge 39, Mass. 


T-139 ATMOSPHERE CONTROL. 4-page 
Catalog T623; (Sec. 1) features article on 
*“‘Homocarb” atmosphere potential control.— 


Leeds & Northrup Co., 4934 Stenton Ave., Phila- 
delphia 44, Penna. 

T-140 REMOTE AMPLIFIER. 4-page Form 
234770 illustrates and describes maker’s “BN- 
2A” portable remote amplifier; includes features 
and _ specifications.—Broadcast Equipment Sec- 
tion, RCA Engineering Products Dept., Camden, 
N. J. 

T-141 FLOW CONTROL. 2-page Form 2250 
illustrates and describes maker's raw green 
liquor control system.—The Foxboro Co., Fox- 
boro, Mass. 

T-142 ELECTROPHORESIS. 12-page Bulle- 
tin 2175 illustrates and describes maker’s com- 
plete electrophoresis laboratory; covers range 
of application, sensitivity, features, optical sys- 
tem, control panel, temperature control, etc.— 
American Instrument Co., Silver Springs, Md. 

T-143 TEMPERATURE RESEARCH AND 
TESTING UNITS. 4-page Bulletin S-950 illus- 
trates and describes maker’s ‘“‘S-series’’ tempera- 
ture-controlled chambers for research and test- 
ing; includes general data, specifications and 
temperature conversion table.—Refrigeration 
Div., Bowser Inc., Terryville, Conn. 

T-144. OSCILLOSCOPE CAMERA. 
brochure of an address on maker's poleroid 
oscilloscope camera; includes illustrations and 
performance.—Fairchild Camera and Instrument 
Corp., 88-06 Van Wyck Blvd., Jamaica 1, N. Y. 

E-145 RADIO EQUIPMENT. 100-page cata- 
log features section on “The Home Music Sys- 
tem” and a catalog section listing radio equip- 
ment.—Sun Radio and Electronics Co., Inc., 
122-124 Duane St., New York 7, N. Y. 

T-146 COLORIMETER. 4-page Publication 
CH-341 illustrates and describes English-made 
“Hilger” microptic colorimeter; covers data, 
glass scales and illumination.—The Jarrell Ash 
Co., 165 Newbury St., Boston, Mass. 


18-page 


T-147 ELECTROMAGNET. 4-page catalog 
illustrates and describes maker’s electromagnet 
for research applications, includes characteris- 
tics.—Mechanical Div., Arthur D. Little, Inc., 
Cambridge 42, Mass. 


T-148 PYROMETER EQUIPMENT. 
catalog GEA-5534_ illustrates and 
maker's pyrometer equipment for indication and 
control of temperature and protection of heat- 
process equipment.—Apparatus Dep't, General 
Electric Co., Schenectady, N. Y. 


T-149 TV VERTICAL-DEFLECTION AMP- 
LIFIERS. 4-page AN-146, Dec. 1, 1950 issue of 
“RCA Application Note’ features article on 
“Minimizing Pulse Voltages in Television Verti- 


8-page 
describes 








For High Density 
In Small Space 
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FANSTEEL 77 METAL 
16.7* 





/ <— 


ALUMINUM MAGNESIUM 
2.7* 7* 


*GRAMS PER CUBIC CENTIMETER 





Strong and machinable, with a density 
almost as high as gold and closely 
approaching that of pure tungsten, 
Fansteel 77 Metal is the practical, 


economical high density material. 


Useful for rotors, flywheels, gover- 
nors, balance weights where maximum 
weight is necessary in minimum space. 
Also useful for radiation shields against 


X-ray and gamma radiation. 


Available forms include finished or 
semi-finished parts, bar, rod, rings, 
disks, slabs or special shapes. Fansteel 
Metallurgical Corporation, North 


Chicago, Illinois, U.S. A. 
F 


Ask for Bulletins: 

(J Fansteel 77 Metal 

{_] Fansteel Siliconized Molybdenum 
ZC Fansteel Tungsten and Molybdenum 
C Fansteel Tantalum 


12501-A 
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CONTINUOUS 
PROCESS 
CONTROL 


For use in 
@ BLENDING 


@ MIXING 
@ SEPARATION 
@ DILUTION 


@ CONCENTRATION 
OF INDUSTRIAL 
PROCESS LIQUIDS 


PRINCO 


Densitrol 


Trade-Mark (R) 


NEW PRINCO DENSITROL 
INDICATES, RECORDS, AND/ 
OR CONTROLS LIQUID DEN- 
SITY. 


tool has the sensitivity of a laboratory 


This rugged plant production 


instrument, can be adapted to ranges 
as small as 0.005 density full scale. 
Write for Bulletin W-2 
requirements direct to 


or outline your 





PRECISION THERMOMETER & INSTRUMENT CO. 
1437 Brandywine St., Philadelphia 30, Pa. 
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cal-Deflection Amplifiers.’—Tube Dep’t, RCA, 


Harrison, N. J. 
IMPULSE COUNTER. 


T-150 28-page house 
organ, No. 70 Winter issue of “‘Cenco News 
Chats,” features articles on impulse counter, 


electropolisher, distillation-titration support and 
other laboratory equipment items.—Central 
Scientific Co., 1700 Irving Park Road, Chicago 
13, Tl. 

T-151 THERMOSTATS. 2-page catalog sheet 
illustrates and describes maker's “Type C”’ bi- 
metal thermostats; includes application, prin- 
ciple, calibration and  construction.—Stevens 
Manufacturing Co., Inc., Mansfield, Ohio. 

T-152 THERMOCOUPLES. 24-page Catalog 
2 illustrates and describes maker's thermocouple 
lead wires, heads, insulators and _ tubes.—In- 
dustrial Pyrometer & Supply Co., Alton, IIL. 


T-153 RELAYS. 6-page Bulletin 681 illus- 
trates and describes maker's “‘Nullmatic”™ multi- 
function relays; includes specifications on five 


models.—Moore Products Co., Philadelphia 24, 


Penna. 
T-154 POWER SUPPLY. 2-page_ brochure 
describes and illustrates maker's ‘“‘Model 500R” 


voltage-regulated power supply.—Kepco Labora- 
tories, Inc., 149-14 41st Ave., Flushing, N. Y. 

T-155 TRIODES. 2-page AN-147 Dec. 1, 1950 
issue of “Application Note” features article on 
pencil-type triodes.—Tube Dep’t, RCA, Harrison, 
MN. J 


T-156 ULTRA-VIOLET 
page bulletin illustrates 
made “‘Hilger’’ 
acces-ories.—The Jarrell 
St., Boston, Mass. 

T-157 BATTERIES. 2-page bulletin discusses 
five additional models of maker’s light recharge- 


PHOTOMETER. 2- 
and describes English- 
ultra-violet photometer and 
Ash Co., 165 Newbury 


able batteries.—Yardney Electric Corp., 105-107 
Chambers St., New York 7, N. Y. 

T-158 POWER SUPPLY. 2-page brochure 
illustrates and describes maker’s “‘Model 510” 
dual voltage-regulated power supply.—Kepco 
Laboratories Inc., 149-14, Forty-first Ave., 
Flushing, N. Y. 

T-159 ALUMINUM TUBING. 8&-page_bro- 


chure illustrates and discusses the application of 
aluminum to the instrument industry; includes 
tables on mechanical properties, bursting pres- 
sures, conversion factors and thermal expansion. 
—Aluminum Company of America, Pittsburgh 
19, Penna. 

T-160 HYDROLOGICAL INSTRUMENTS. 
1-page house organ No. 35, Dec. 1950 issue of 
“The Hydromike,” includes article on proposed 
Tacoma, Wash. hydroelectric project.—Leupold 
& Stevens Instruments, Inc., 4445 N. E. Glisan 
St., Portland 13, Ore. 

T-161 POWER SUPPLY. 
lustrates and describes maker's 
voltage-regulated power supply; 
tions.—Kepco Laboratories, Inc., 


2-page bulletin il- 
“Model 515” 
lists specifica- 
149-14 Forty- 


first Ave., Flushing, N. Y. . 
T-162 PROCESSING BELTS. 4-page Bulle- 
tin 94 illustrates and describes maker's wire 


cloth processing belts; lists applications.—The 
Cambridge Wire Cloth Co., Cambridge, Md. 
T-163 MOISTURE METER. 6-page Bulletin 
1295 illustrates maker's “Midget” moisture 
meter for determining moisture content of wood 
and plaster.—Dep’t 67, Tagliabue Instruments 
Div., Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N. J. 





GLASS BLOWER — with 
teaching ability and expe- 
rience in off-hand glass 
blowing; knowledge of 
thermometry desirable but 
not necessary. Excellent 
working conditions, good 
wages to start. Write giv- 
ing full particulars to 
H-B Instrument Co., 2633 
Trenton Avenue, Philadel- 
phia 25, Pa. 

















beyond the BLACKOUT 


@ Giannini 
faithful indication of the 


precision Accelerometers 


give values 


of gravity bevond the ranve of human 


endurance. Giannini Accelerometer 


are precision-built for a variety of 


exacting applications in all fields of 


Write for catalos 


aircraft and industry. 


and engineering data 







G.M. Giannini & Co, Inc 
Pasadena 1, California 
Springfield, New Jersey 


BURLING 


TEMPERATURE 
LIMIT SWITCHES 















NO 
LIQUIDS 
e 


NO 
GASES 


MODEL E 


Literature 
on only | light-weight moving 
part. Available with |, 2 or 
Request 3 switches. 


As a 3 switch model, Burling Model F is recommended 
for use (a) where load is divided into 3 parts, (b) 
where 1 switch is used for controlling, one as a high 
limit, one as a low limit, (c) to give definite stops or 
position to a 3 or 4 position diaphragm motor, (d) to 
give 3 speed control of variable speed motor. 


Accurate, rugged, dependable. Corrosion and heat re- 
sisting tube. Dial pointer for easy setting. Locking 
screw locks temperature setting. Increased ey stable 
range to 700-1000°. Dimensions: 7%” x 2%” 3%”. 
Vapor tight base and cover with “gasket ‘available at 
slight extra charge 


INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 


Making Precision Controls for over 13 years 


BURLING INSTRUMENT CO. 


5 VOSE AVENUE 


SOUTH ORANGE, NEW JERSEY 
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SIGHT FEED BUBBLER AND SEDI- 


T-i64 
MENT TRAP. 2-page Bulletin EX 285 illustrates 
and describes maker’s sight feed bubbler and 
sediment trap; lists construction features, ma- 
terials, pipe connections, filler plug, etc.—King 
Engineering Corp., Ann Arbor, Mich. 


T-165 SPEED CONTROL VALVES. 4-page 
Bulletin 253 filustrates and describes maker’s 
“Flo-set” speed control valves.—Hanna_ Engi- 
neering Works, 1765 Elston Ave., Chicago 22, 
fi. 


T-166 ELECTROMETER. 6-page bulletin il- 
jlustrates and describes maker’s “‘Model 361-20" 
electrometer; includes design features, applica- 
tions, operating principle and _ accessories.— 
Loudon Instruments, Inc., Chicago, III. 


T-167 STRIP CHART RECORDER. 4-page 
Bulletin C2-2 illustrates and describes maker’s 
“Capacilog” electronically-operated strip chart 
recorders; includes specifications, operation and 
price list.—Wheelco Instruments Co., Chicago 
7, Hl. 


T-168 RECORDING EQUIPMENT. 2-page 
brochure (Form 2J-6895) illustrates and des- 
cribes maker’s AM-FM and television prefes- 
sional recording equipment; includes technical 
information on recording.—Dep’t 522, RCA En- 
gineering Products, Camden 2, N. J. 


T-169 ELECTRICAL FITTINGS. 12-page 
Catalog 1050 illustrates and describes maker’s 
line of solderless wire connections, cable and 
conduit fittings and wiring devices; includes 
specifications, dimensional data and application 
instructions.—Buchanan Electrical Products 
Corp., 1290 Central Ave., Hillside, N. J. 


T-170 DOSIMETER. 8-page Bulletin G-1 il- 
lustrates and describes maker’s line of portable 
instruments for radiation protection; including 
dosimeter charger, low-range dosimeter, isotope 
analysis unit, ete.—Landsverk Electrometer Co., 
Pippin Road, Cincinnati’ 31, Ohio. 


T-171 POWER SUPPLY. 2-page bulletin il- 
lustrates and describes maker’s ‘Model 315” 
voltage-regulated power supply; includes speci- 
fications.—Kepco Laboratories, Inc., 149-14 Forty- 
first Ave., Flushing, N. Y. 

T-172 RESISTORS. 
trates and describes maker’s “Carbofilm” and 
“Baro-carbofilm” resistors.—Wilkor Products, 
Inc., 2882 Detroit Ave., Cleveland 13, Ohio. 


T-173 MAGNETIC PIPELINE TRAP. 4-page 
Bulletin 202 illustrates and describes maker's 
magnetic pipeline trap for protection against 


2-page bulletin  illus- 


Tramp iron.—Eriez Manufacturing Co., Erie, 
Penna. 
T-174 CARBIDE TOOLS AND PARTS. 60- 


page catalog GT-250 illustrates and describes 
maker's line of tools, standard blanks, masonry 
drills and wheel dressers; includes technical 
data and applications.—Carboloy Co., Detroit 
32, Mich. 
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A supply of these cards 
for the asking 
Is your copy of Instruments routed 
to several people? 
Does your Company Librarian for- 
bid mutilating tech mags? 

Or do you yourself wish to pre- 
serve your own copies intact? 
Just drop us a postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 


\ ( 


T-175 THERMOMETERS. 4-page house or- 
gan, Vol. 10, No. 2 issue of “‘Wheelco Com- 
ments,”’ features articles on application of re- 
sistance thermometers to the oil and ceramic 








industries—Wheelco Instruments Co., Chicago 
20. 
T-176 LABORATORY INSTRUMENTS. 4- 


page brochure illustrates and describes maker’s 
direct recording instruments for diagnosis, re- 
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A LEVIN 4tathe makes delicate precision easy because 
 <it is designed for working with small parts. Collets 
from .004” to 5/16” are standard and kept in stock. 
: Two sizes of lathes with maximum collet capacity either 
3/16” or 5/16”, swing 4”, bed length 12”. Full. tine of 
accessories for second operations, production, too! work 
and medel making. Send for catalog. 


Lathe with 
complete 
bench and 
motor drive. 





COMPLETE CATALOG illustrates and describes full line of accessories . . . compound 
slide rests, grinding, milling and screw cutting attachments, cross slide, collet closer and ’ 


other useful items. 


LOUISLEVIN& SON INC., 782 E. PICO BLVD., LOS ANGELES 








FIRST CLASS 
PERMIT No. (441 


(Sec. 34.9 P. L. & R.) 
PITTSBURGH, PA. 








BUSINESS REPLY CARD 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 





4c-POSTAGE WILL BE PAID BY— 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Avenue 
Pittsburgh 12, Pa. 


search and laboratory use (electrocardiogram, 
phonocardiogram, pneumogram and ballistocar- 
diogram, etc.).—Sanborn Co., Cambridge 39, 
Mass. 


T-177 BRIDGE OSCILLATOR. 8-page house 
organ, Vol. XXV, No. 7 issue of “The General 
Radio Experimenter,” features article on maker's 
“Type 1330-A”’ wide-frequency-range bridge os- 
cillator.—General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 


T-178 BETA-GAMMA CHECKER. § 4-page 
bulletin illustrates and describes maker's hand 
and foot checker for determining beta-zgamma 
contamination on worker’s hands and feet; dis- 
cusses applications, maintenance and _ require- 
ments.—The Austin Co., 19 Rector St., New 
York 6, N. Y. 


T-179 TEMPERATURE CONTROLLER. 6- 
page Publication No. 1048-B_ illustrates and 
describes maker's ‘Model 191” electronic tem- 
perature controller designed for automatic op- 
eration of maintenance circuits.—Instrument 
Div.. Thomas A. Edison, Inc., West Orange, 
N. J. 


T-180 BOURDON GAGES. 16-page brochure 
discusses maker’s bourdon gages; includes dis- 
cussions on bourdon tubes, tube mounting, 
movement, linkage and calibration.—Heise Bour- 
don Tube Co., Newtown, Conn. 


T-181 TAP SWITCHES. 2-page house organ, 
Dec. 1950 issue of “The Ohmite News”, dis- 
cusses and illustrates maker’s ‘“‘Model 111" tap 
switch and “Brown Devil’’ resistors.—Ohmite 
Manufacturing Co., 4835-41 Flourney St., Chi- 
cago 44, Ill. 


T-182 TESTING MACHINES. 30-page Cat- 
alog RU-4-50 illustrates and describes maker's 
line of testing machines to 400,000 Ibs. capacity: 
includes details of construction, specifications 
and dimensions.—Riehle Testing Machine Div., 
American Machine and Metals, Inc., East Mo- 
line, Ill. 


T-183. LABORATORY APPARATUS. 16-page 
house organ, No. 51-11-41 issue of ‘‘Eberbach 
Announcer,”’ illustrates and describes labora- 
tory apparatus (high-vacuum pumps, blenders, 
blood gas apparatus, balances, etc.). Features 
article “‘The Scientific Instrument Industry— 
Key to America’s Welfare and Economic Se- 
eurity.”"—Eberbach & Son Co., 200 E. Liberty 
St., Ann Arbor, Mich. 


T-184 FEED WATER CONTROLLER. 16- 
page Bulletin 105-c illustrates and describes 
maker’s 3-element, air-operated feed water con- 
troller; includes diagrams, cutaway views and 
chart records.—Bailey Meter Co., 1050 Ivanhoe 
Road, Cleveland 10, Ohio. 


T-185 DIRECT-WRITING RECORDERS. 16- 
pages, Bulletins 1, 2, 3, 3A, 4, 5 and 6 illus- 
trate and describe maker’s galvanometer ‘“‘Mod- 
el 51-500,” recorder-assembly ‘‘Model 51-600T,” 
amplifiers ‘‘Model 126 and 140,” amplifier-re- 
corder “‘Model 128” and twin recorder “Model 
60."—Sanborn Company, Cambridge 39, Mass. 


T-186 DIFFERENTIAL GAGES. 4-page 
Bulletin 1M50 illustrates and describes maker's 
“Series 400°" recording and indicating differen- 
tial gages; covers “ring balance” principle of 
operation, model type and selection chart, speci- 
fications, mounting dimensions.—Hagan Corpora- 
tion, Hagan Bldg., Pittsburgh 30, Penna. 


T-187 TEMPERATURE REGULATOR. 6- 
page bulle‘in describes and illustrates maker's 
electronic temperature regulator and regulator 
system for aircraft use; covers operation, ap- 
plications, advantages.—AiResearch Mfg. Co., 
Div. of The Garrett Corp., Los Angeles 45, 
Calif. 

T-188 HARDNESS TESTERS. 6-page folder 
illustrates and describes maker’s portable hard- 
ness testers; covers specifications, features, 
operation; illustrates and describes accessory 
bench stand.—Ames Precision Machine Works, 
Waltham 54, Mass. 


T-189 VACUUM-TUBE ELECTROMETER. 
4-page bulletin describes and illustrates maker's 
“‘Model 200°" vacuum-tube electrometer; covers 
features, specifications, uses and advantag?s.— 
Keithley Instruments, 1507 Warrensville Center 
Rd., Cleveland 21, Ohio. 


T-1909 SELECTOR SWITCHES. 2-page bulle- 
tin illustrates and describes maker’s “Type *1-3 
selector switches for electrical instrument cit 
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Fractional H.P. 
Electric Motors! 





for DEPENDABILITY 


Complete facilities for engineering, tool- 
ing and assembly of electric motors up to 
6” maximum O.D. of the following types: 


Direct current—6 volts to 220 volts 
Universal motors—6 volts to 220 volts 
Induction motors—conventional voltages 


Shaded pole motors—conventional 
voltages 


400 cycle motors of the smaller sizes 


Also precision electro mechanical 
assemblies 


Experience and precision workmanship 
assure you of motors of dependable per- 
formance to fit your requirements—from 
1/1000 H.P. up to Y% H.P. 


QUARTER CENTURY OF 
EXPERIENCE IN BUILDING 


Fractional H.P. Motors 


Here is a seasoned, dependable source 
with a reputation for quality and a 
background of electrical engineering 
research and design. 



















JOHN OSTER MFG. CO. 


RACINE, WISCONSIN 








Graduate 
ENGINEERS 


Good Opportunities 
for 


INSTRUMENTATION 
ENGINEERS 


Five or more years of progressively diffi- 
cult experience in Instrument Research 
Development or Design. Must have broad 
and thorough knowledge of instrument the- 
ory and application. Should have some 
knowledge of Chemical Equipment and 
its operation. Must be graduate. 





Give experience, education, age refer- 
ences, personal history, salary received 
and salary expected. Please be complete 
and specific. 


All inquiries will be considered promptly 
and kept confidential. 


E. |. du Pont de Nemours & Co. 
(Inc.) 


Engineering Department Personnel 
Wilmington 98, Delaware 











cuits and other applications; covers features, 
operation, specifications and electrical charac- 
teristics—Leeds & Northrup Co., 4908 Stenton 
Ave., Philadelphia 44, Penna. 

T-191 MECHANICAL FLOWMETERS. 12- 
page Bulletin 2M50 describes and _ illustrates 
maker’s “Series 2200-2600’ mechanical flow- 
meters; covers “ring balance” principle of 
operation and features for indicating, recording 
and integrating, indicating-recording and inte- 
grating, boiler steam flow-air flow, and dual 
models; also lists chart ranges and covers ring 
assemblies.—Hagan Corporation, Hagan Bldg., 
Pittsburgh 30, Penna. 

T-192 JACKETED PIPE AND FITTINGS. 
8-page Bulletin J-50 illustrates and describes 
maker’s cast iron, cast or welded steel jacketed 
pipe and fittings for maintaining uniform tem- 
peratures in process pipes; covers dimensions, 
types; also describes pumps, and automatic 
valves with ‘“‘Fluidometer’” metering system.— 
Hetherington & Berner Inc., 701-745 Kentucky 
Ave., Indianapolis 7, Ind. 

T-193 AUDIO TEST OSCILLATOR. 16-page 
Vol. 15, No. 12 issue of house organ, “‘The C-D 
Capacitor,” features illustrated article titled 
“An Inexpensive, Variable-frequency Audio Test 
Oscillator,”” covers components, construction, 
adjustment and calibration; also includes re;;u- 
lar feature “‘The Radio Trading Post—A Free 
Market-place for Buyers, Sellers, and Swappers.” 
—Cornell-Dubilier Electric Corp., Hamilton 
Blvd., South Plainfield, N. J. 

T-194 RECORDING OSCILLOGRAPH. 4- 
page Vol. 31, No. 1, issue of house organ, “The 
Bodine Motorgram,” features article on Con- 
solidated recording oscillograph and application 
of maker’s motor in chart or film drive system; 
also lists copies available of maker’s “Chief 
Engineer’s Notebook” on motor applications.-— 
Bodine Electric Co., 2250 W. Ohio St., Chicago 
12, Tl. 


T-195 RELAY CATALOG. 24-page Catalog 
109 describes and illu trates maker’s line of 
relays; covers features, applications, capacities, 
enclosures, ordering information; also covers 
shaded-pole motors, synchronous timers and 
signals.—Potter & Brumfield, Princeton, Ind. 


T-196 ORIFICE AND NOZZLE CAPACITY 
DATA. 12-page Bulletin T-100-M titled ‘“Capac- 
ity Data for Concentric Orifices and Flow 
Nozzles’ presents method for approximating 
orifice or nozzle throat to pipe diameter ratios 
required for fluid meter installations.—Hagan 
Corporation, Hagan Bldg., Pittsburgh 30, Penna. 


T-197 RECOOLING SPRAY NOZZLE SYS- 
TEMS. 8-page Bulletin Supplement 6A-SP des- 
cribes and illustrates maker’s recooling spray 
nozzle systems; covers design, application, con- 
struction and operation of nozzles; also dia- 
grams typical spray-pond arrangements.—Dep’t 
J-D, Schutte & Koerting Co., Cornwells Heights, 
Bucks County, Penna. 


T-198 AIRCRAFT THERMOMETER 
TESTERS. 2-page bulletin illustrates and des- 
cribes maker’s instruments for thermocouple or 
resistance testing of aircraft temperature indi- 
cators; covers features, ranges and operation.— 
The Lewis Engineering Co., Naugatuck, Conn. 


T-199 COMBUSTION CONTROL. 5 bulletins 
(case histories) on use of maker’s combustion 
control equipment include applications in (1) 
a bag manufacturing plant, (2) a food process- 
ing plant, (3) a rubber processing plant, (4) 
a cigarette factory, and (5) a paint plant. 
Each bulletin includes description of problems, 
existing conditions, control system operation, 
and results from installation.—The Hays Corp., 
Michigan City, Ind. 


T-200 CONTOUR PROJECTOR. 8-page bul- 
letin illustrates and describes maker’s ‘Model 
2” contour projector for light-beam magnification 
and measurement of dimensions, shapes and 
surfaces; covers features, operation, construc- 
tion, accessories, dimensions and specifications. 
—Industrial Optical Sales Div., Eastman Kodak 
Co., Rochester 4, N. Y. 


T-201 FLUID FLOW-RATE TESTING. 20- 
paze Technical Bulletin A-9C-4 contains com- 
prehensive data on technical developments on 
fluid flow-rate testing for aircraft engines and 
accessories; covers engineering principles, flow 
curves and charts, calibration techniques and 
calibration panels.—Fischer & Porter Co., 3780 
County Line Rd., Hatboro, Penna. 





RECORDING 
GALVANOMETERS 





The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
galvanometers are offered at low cost 
over a wide range of frequencies and 
sensitivities to satisfy most recording 
requirements. For additional informa- 
tion, write for our Catalog No. CGC 
206. 

Manufactured under Century Pat. 


2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 


E (Coty) 
CENTURY GEOPHYSICAL 
CORPORATION 


1340 North Utica 
Tulsa, Oklahoma 


EXPORT OFFICE: 1505 Race Street 
149 Broadway, N. Y. Philadelphia 


World's Largest Manufacturer of 
Geophysical and Special 


Galvanometers 
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Installation outdoors? Alcoa Tube gives you 
excellent corrosion-resistance. And, inside or 
outside, you save 40%. The low per-foot price 
mekes a big difference on complete installations. 


Look under “aluminum” in your 
classified telephone directory—call 
your nearby Alcoa Distributor. 


NOTE: Due to rearmament, aluminum is not avail- 


able for unrestricted 


industrial use. However, 


when tubing is used, extensive engineering and 


planning are required. This advertisement is in- 
tended to help you with your planning. 


Aluminum Fittings Are Made 
By Nationally Known Manufacturers 












ALU 


now for Alcoo’s © 


Gulf Bidg., Pittsburg 


LAL BOOK ON 


SPEC 
ENT LINES 


INSTRUM 


ew book “\nstru- 
. illus- 

oa Aluminum” 

ed with facts! Address: 

OF AMERICA, 838B 

h 19, Pennsylvania. 
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NEW GR Wide-Range 
BRIDGE OSCILLATOR 


Typical | stun fed measuring chapacterietion of r-f coil. 


Types 1 
ance. 


ps indy bo —— is 


7 
,@ 


5 ke to 50 Mc—12 Volts Output 


The new G-R Type 1330-A Bridge Oscillator is designed 
especially as a power source for bridge, antenna and 
general laboratory measurements. It is relatively inex- 
pensive, has high output, excellent shielding and many 
operating conveniences. Among its features are: 


WIDE FREQUENCY RANGE: 5 kc to 50 Mc, carrier 

THREE MODULATION FREQUENCIES: internal a-m at line and 
at 400 c and 1,000 c, at two levels of approximately 30% 
and 60% 

GOOD OuTPUT: 12 volts, open circuit; 34 watt into 50-ohm 
load 

FREQUENCY ACCURACY: Carrier — +2°%, above 150 ke, 
+3% below, no load. Audio — +5% for 400- and 1,000- 
cycles 

LOW LEAKAGE: about 50 wv per meter at 1 Mc, 
from oscillator 

COAXIAL OUTPUT jacks, cable and adaptors permit com- 
plete shielding from oscillator to measuring instrument 
LOGARITHMIC DIAL: calibration logarithmic from 5kcto 15 Mc 


two feet 


Oscillator, 821-A Twin T Imped- 
jc taped ircuit and a communications-type 
ually suited to use with 

Brae and they as the pe 716-C Capacitance 
Bridge the iyo. 916-A and 916-AL R- 


dal 


@ INCREMENTAL-FREQUENCY DIAL: indi- 


GENERAL RADIO COMPANY 


1000 N. Seward St., 


90 West St., 


cates increments of 0.1% per divi- 
sion from 5 kc to 15 Mc 

LOW DISTORTION: between 1°), and 
6% at 60% modulation level; r-f 
distortion 3% over most of range 


Type 1330-A Bridge Oscillator... $525.00 


New York 6 


920 S. Michigan Ave., 


@ VERY COMPACT CONSTRUCTION: 
panel relay-rack width, only 7 inches 
high; cabinet 9 inches deep 
@ EASY SERVICING: oscillator plugs out 
of shielding box and has servicing 
cable to test instrument 





Cambridge 39, 
Massachusetts 


Chicago 5 Los Angeies 38 





March 1951 








Excellent mechanical construction 
throughout. Oscillator assembly plugs 
into deep brass box; double cover com- 
pletes shielding. Note servicing cable 
permitting instrument to be tested on 
bench. 
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best delivery on OHMITE 
ymponents, tailor your needs 


4° OHMITE items... 


To get the 
resistance com 
to these “standar 


: The Ohmite series of standard, close control 
rheostats is the most extensive available—so it is easy to 
select a size to fit your application. There are ten sizes, ranging 
from 25 to 1000 watts, with many standard resistance values 
in each size. All models have the Ohmite all-ceramic construc- 
tion, with winding permanently locked in vitreous enamel, and 
smoothly gliding metal-graphite brush. 


ss 
volar Bi The extensive range of Ohmite types and 
sizes mien possible an almost endless variety of standard 
resistors to meet your needs. The Ohmite line includes more 
than 60 core sizes, in a wide range of wattage and resistance 
values. There are also 18 types of resistor terminals available. 
Included in the standard Ohmite line are fixed, adjustable, 
tapped, non-inductive, and precision resistors. Specially devel- 
oped vitreous enamel provides years of unfailing performance. 


Phiten Ohmite tap switches are supplied in five 
standard siiilidie, rated at 10, 15, 25, 50, and 100 amperes, 
a.c. They combine high current capacity and a large number 
of taps with unusual compactness. Their sturdy, one-piece 
ceramic bodies provide permanent non-arcing insulation. 
Their heavy silver-to-silver contacts have a self-cleaning 
action and provide continuous, dependable contact with low 
resistance. Ohmite tap switches are supplied in enclosed or 
open, shorting or non-shorting types. 


Ohmite offers an extensive line of standard pre- 
cision, non-inductive resistors in 14- and l-watt sizes, in the 
standard type, vitreous-enameled type, or hermetically sealed 
in glass. They have an accuracy of +1%. Ohmite non- 
inductive vitreous-enameled resistors are also available in 
standard 50-, 100-, and 160-watt sizes in a wide range of re- 
sistance values. In addition, Ohmite provides radio-frequency 
plate chokes, power line chokes, and dummy antennas. 


Write on COMPANY 


LETTERHEAD FOR CATALOG 
AND ENGINEERING 


a wANuAL NO. 40 


RHEOSTATS « RESISTORS »« TAP SWITCH 








Low-Cost Flow 
Indicators Assist In 
Close Process Control 


Ball Flow Indicators, a stock item, 
are typical of the many types of flow 
indicators designed by SK to permit 
visual inspection of flow in a pipe line. 
Very reasonable in cost, their use pro- 
vides the necessary positive knowledge 
of flow conditions to insure proper con- 
trol, thus conserving power, saving 





costly batches, insuring continuous 








process operation and preventing dam- 
age to expensive equipment. 
The SK Ball Flow Indicator illus- 
trated provides both a visual indication 
of flow and the approximate rate of 
flow. A moving brass ball acts as the 
indicator, and neoprene gaskets are 
used to seal the glass tube—permitting 
# this type indicator to be used with lub- 
My ticating oils and many solvents. 


You, too, might profit, as many have, 
@ by using flow indicators in your opera- 
tions. Send for details. 

















SK ROTAMETERS CONTROL FLOW 
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A new gas plating process under de- 
velopment at Commonwealth Engineer- 
ing Company of Ohio utilizes the vola- 
tility and decomposition characteristics 
of certain metallic compounds such as 
carbonyls, nitrosyls, hydrides, salts, and 
metal organics to plate both metallic 
and non-metallic materials. Results of 
this process are similar in many re- 
spects to those obtained by electro- 
plating, however, gas plating permits 
the plating of non-conductors of elec- 





NEW USE FOR ROTAMETERS 


New uses for SK Rotameters are con- 
stantly developing. One of the most unique 
and distinctive applications is the recent use 
of a Rotameter for measuring blood in con- 
nection with experiments on an artificial 
kidney and an artificial heart. The Rotameter 
acts aS an accurate metering device and 
makes it possible to utilize whole blood 
without coagulation. It was surprisingly 
noted during experiments that the viscosity 
of the blood is not too appreciable and is 
variable depending on whether a man’s or 
woman’s blood was used. 


Possibly you can use a Rotameter applica- 
tion in your operation, too. Ask for Bul- 
letin 18-RA—it gives you a brief descrip- 
tion and application of all standard SK 
Rotameters and briefly describes complete 
bulletins on all types. 
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tricity such as paper, plastics, tile and 
other non-metallic materials. 

In this new process, SK Rotameters 
play an important role. In the pilot 
set-up shown above, one SK Fig. 1891 
Universal Rotameter is used to control 
the flow of carrier gas, usually carbon 
dioxide, while another is used to con- 
trol the flow of nickel carbonyl-carrier 
gas mixture as it comes from a carbure- 
tor. Since the ratio between the nickel 
carbonyl and the carrier gas determines, 
to a considerable degree, the character 
of the films deposited, the importance 
of providing such accurate flow meas- 
urement can be realized. 

SK Universal Rotameters are avail- 
able from stock. For detailed informa- 
tion, write for Bulletin 18-RB. 
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Lathe with 
complete 
bench and 
motor drive. 


COMPLETE CATALOG illustrates and describes full line of accessories . . . compound 
slide rests, grinding, milling and screw cutting attachments, cross slide, collet closer and 
other useful items. 
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search and laboratory use (clectrocardiogran, 
phonocardiogram, pneumogram and ballistocar 
diogram, etc.).—Sanborn Co., Cambridge 
Mass. ’ 


T-177 BRIDGE OSCILLATOR. 8-page house 
organ, Vol. XXV, No. 7 issue of “The General 
Radio Experimenter,” features article on maker’ 
“Type 1330-A” wide-frequency-range bridge vl 
cillator.—General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 


T-178 BETA-GAMMA CHECKER. {pay 
bulletin illustrates and describes maker's hang 
and foot checker for determining beta-gamma 
contamination on worker’s hands and feet; dis. 
cusses applications, maintenance and require. 
ments.—The Austin Co., 19 Rector St. Ney 
York 6, N. Y. 


T-179 TEMPERATURE CONTROLLER. 6. 
page Publication No. 1048-B illustrates and 
describes maker’s ‘“‘Model 191” electronic tem. 
perature controller designed for automatic op- 
eration of maintenance circuits.—Instrument 
Div., Thomas A. Edison, Inc., West Orange, 
N..d. 


T-180 BOURDON GAGES. 16-page brochure 
discusses maker’s bourdon gages; includes dis. 
cussions on bourdon tubes, tube mounting, 
movement, linkage and calibration.—Heise Bou. 
don Tube Co., Newtown, Conn. 


T-181 TAP SWITCHES. 2-page house organ, 
Dec. 1950 issue of ‘The Ohmite News”, dis. 
cusses and illustrates maker’s ‘Model 111” tap 
switch and “Brown Devil” resistors.—Ohmite 
Manufacturing Co., 4835-41 Flourney St., Chi. 
cago 44, Ill. 


T-182 TESTING MACHINES. 30-page Cat. 
alog RU-4-50 illustrates and describes maker's 
line of testing machines to 400,000 Ibs. capacity; 
includes details of construction, specifications 
and dimensions.—Riehle Testing Machine Diy, 
American Machine and Metals, Inc., East Mo. 
line, Ill. 


T-183 LABORATORY APPARATUS. 16-page 
house organ, No. 51-1-41 issue of “Eberbach 
Announcer,” illustrates and describes labora. 
tory apparatus (high-vacuum pumps, blenders, 
blood gas apparatus, balances, etc.). Features 
article “The Scientific Instrument Industry— 
Key to America’s Welfare and Economic Se. 
curity.”"—Eberbach & Son Co., 200 E. Liberty 
St., Ann Arbor, Mich. 


T-184 FEED WATER CONTROLLER. i6- 
page Bulletin 105-c illustrates and describes 
maker’s 3-element, air-operated feed water con- 
troller; includes diagrams, cutaway views and 
chart records.—Bailey Meter Co., 1050 Ivanhoe 
Road, Cleveland 10, Ohio. 


T-185 DIRECT-WRITING RECORDERS. 1é- 
pages, Bulletins 1, 2, 3, 3A, 4, 5 and 6 illus- 
trate and describe maker’s galvanometer “Mod- 
el 51-500,” recorder-assembly ‘Model 51-600T,” 
amplifiers ‘“‘Model 126 and 140,” amplifier-re- 
corder “Model 128” and twin recorder “Model 
60."—Sanborn Company, Cambridge 39, Mass. 


T-186 DIFFERENTIAL GAGES. 4-page 
Bulletin 1M50 illustrates and describes maker's 
“Series 400” recording and indicating differen- 
tial gages; covers “ring balance’’ principle of 
operation, model type and selection chart, speci- 
fications, mounting dimensions.—Hagan Corpora- 
tion, Hagan Bldg., Pittsburgh 30, Penna. 


T-187 TEMPERATURE REGULATOR. 6- 
page bulletin describes and illustrates maker's 
electronic temperature regulator and regulator 
system for aircraft use; covers operation, ap- 
plications, advantages.—AiResearch Mfg. Co. 
Div. of The Garrett Corp., Los Angeles 4i, 
Calif. 


T-188 HARDNESS TESTERS. 6-page folder 
illustrates and describes maker’s portable hard- 
ness testers; covers specifications, features, 
operation; illustrates and describes accessory 
bench stand.—Ames Precision Machine Works, 
Waltham 54, Mass. 


T-189 VACUUM-TUBE ELECTROMETER: 
4-page bulletin describes and illustrates maker's 
“Model 200” vacuum-tube electrometer; covers 
features, specifications, uses and advantag?s.— 
Keithley Instruments, 1507 Warrensville Center 
Rd., Cleveland 21, Ohio. 


T-199 SELECTOR SWITCHES. 2-page bulle- 











Prec 
for DE 


Complete fo 
ing and asse 
6" maximum 
Direct cur! 
Universal 
Induction 


Shaded p 
voltages 


400 cycle 


Also prec 
assemb!I 


Experience 
assure yOu 
formance to 
1/1000 H.P. 
QUARTER 


EXPERIEN( 
Fraction 


Here is o S$ 
with a ref 
backgrounc 
research a 





EN 


Goo 


IN! 


Five or mr 
cult expe 
Developm 
and thoro 
ory and 

knowledg: 
Its operat 


Give ext 
ences, p 
and salar 
and speci 


All Inquit 
and kept 


EL di 





tin illustrates and describes maker’s “Type 31-3” 
selector switches for electrical instrument cit 


Page 238—Instruments—Vol. 24 
















cations 
e Div,, 
st Mo. 


16-page 
rerbach 
labora. 
enders, 
eatures 
ustry— 
lic Se. 








, Fractional H.P. 


Electric Motors! 


for DEPENDABILITY 


lete facilities for engineering, tool- 
ing and assembly of electric motors up to 
6’ maximum O.D. of the following types: 
Direct current—6 volts to 220 volts 
Universal motors—6 volts to 220 volts 
Induction motors—conventional voltag 
Shaded pole motors—conventional 
voltages 
400 cycle motors of the smaller sizes 
Also precision electro mechanical 
assemblies 
Experience and precision workmanship 
gssure you of motors of dependable per- 
formance to fit your requirements—from 
1/1000 H.P. up to % H.P. 


QUARTER CENTURY OF 
EXPERIENCE IN BUILDING 


Fractional H. P. Motors 


dd dohl 





Here is a , dep source 
with a reputation for quality and a 
background of electrical engineering 
research and design. 





JOHN OSTER MFG. CO. 


RACINE, WISCONSIN 




























Liberty 





Graduate 


_ ENGINEERS 


Good Opportunities 
for 


INSTRUMENTATION 
ENGINEERS 


Five or more years of progressively diffi- 
cult experience in Instrument Research 
Development or Design. Must have broad 
and thorough knowledge of instrument the- 
ory and application. Should have some 
knowledge of Chemical Equipment and 
Its operation. Must be graduate. 





Give experience, education, age refer- 
ences, personal history, salary received 
and salary expected. Please be complete 
and specific. 


All Inquiries will be considered promptly 
and kept confidential. 


EL. du Pont de Nemours & Co. 
(Inc.) 





Engineering Department Personnel 
Wilmington 98, Delaware 














cuits and other applications; covers features, 
operation, specifications and electrical charac- 
teristics.—Leeds & Northrup Co., 4908 Stenton 
Ave., Philadelphia 44, Penna. 


T-191 MECHANICAL FLOWMETERS. 12- 
page Bulletin 2M50 deccribes and illustrates 
maker’s “Series 2200-2600” mechanical flow- 
meters; covers “ring balance’ principle of 
operation and features for indicating, recording 
and integrating, indicating-recording and inte- 
grating, boiler steam flow-air flow, and dual 
models; also lists chart ranges and covers ring 
assemblies.—Hagan Corporation, Hagan Bldg., 
Pittsburgh 30, Penna. 

T-192 JACKETED PIPE AND FITTINGS. 
8-page Bulletin J-50 illustrates and describes 
maker’s cast iron, cast or welded steel jacketed 
pipe and fittings for maintaining uniform tem- 
peratures in process pipes; covers dimensions, 
types; also describes pumps, and automatic 
valves with “‘Fluidometer’” metering system.— 
Hetherington & Berner Inc., 701-745 Kentucky 
Ave., Indianapolis 7, Ind. 

T-193 AUDIO TEST OSCILLATOR. 16-page 
Vol. 15, No. 12 issue of house organ, “The C-D 
Capacitor,” features illustrated article titled 
“An Inexpensive, Variable-frequency Audio Test 
Oscillator,” covers components, construction, 
adjustment and calibration; also includes re;u- 
lar feature “The Radio Trading Post—A Free 
Market-place for Buyers, Sellers, and Swappers.” 
—Cornell-Dubilier Electric Corp., Hamilton 
Blvd., South Plainfield, N. J. 


T-194 RECORDING OSCILLOGRAPH. 4- 
page Vol. 31, No. 1, issue of house organ, “The 
Bodine Motorgram,” features article on Con- 
solidated recording oscillograph and application 
of maker’s motor in chart or film drive system; 
also lists copies available of maker’s ‘Chief 
Engineer’s Notebook” on motor applications..— 
Bodine Electric Co., 2250 W. Ohio St., Chicago 
12, Tl. 


T-195 RELAY CATALOG. 24-page Catalog 
109 describes and illu trates maker’s line of 
relays; covers features, applications, capacities, 
enclosures, ordering information; also covers 
shaded-pole motors, synchronous timers and 
signals.—Potter & Brumfield, Princeton, Ind. 


T-196 ORIFICE AND NOZZLE CAPACITY 
DATA. 12-page Bulletin T-100-M titled “Capac- 
ity Data for Concentric Orifices and Flow 
Nozzles” presents method for approximating 
orifice or nozzle throat to pipe diameter ratios 
required for fluid meter installations.—Hagan 
Corporation, Hagan Bldg., Pittsburgh 30, Penna. 


T-197 RECOOLING SPRAY NOZZLE SYS- 
TEMS. 8-page Bulletin Supplement 6A-SP des- 
cribes and illustrates maker’s recooling spray 
nozzle systems; covers design, application, con- 
struction and operation of nozzles; also dia- 
grams typical spray-pond arrangements.—Dep’t 
J-D, Schutte & Koerting Co., Cornwells Heights, 
Bucks County, Penna. 


T-198 AIRCRAFT THERMOMETER 
TESTERS. 2-page bulletin illustrates and des- 
cribes maker’s instruments for thermocouple or 
resistance testing of aircraft temperature indi- 
cators; covers features, ranges and operation.— 
The Lewis Engineering Co., Naugatuck, Conn. 


T-199 COMBUSTION CONTROL. 5 bulletins 
(case histories) on use of maker’s combustion 
control equipment include applications in (1) 
a bag manufacturing plant, (2) a food process- 
ing plant, (3) a rubber processing plant, (4) 
a cigarette factory, and (5) a paint plant. 
Each bulletin includes description of problems, 
existing conditions, control system operation, 
and results from installation.—The Hays Corp., 
Michigan City, Ind. 


T-200 CONTOUR PROJECTOR. 8-page bul- 
letin illustrates and describes maker’s ‘Model 
2” contour projector for light-beam magnification 
and measurement of dimensions, shapes and 
surfaces; covers features, operation, construc- 
tion, ies, di ii and specifications. 
—Industrial Optical Sales Div., Eastman Kodak 
Co., Rochester 4, N. Y. 


T-201 FLUID FLOW-RATE TESTING. 20- 
page Technical Bulletin A-9C-4 contains com- 
prehensive data on technical develop ts on 
fluid flow-rate testing for aircraft engines and 
accessories; covers engineering principles, flow 
curves and charts, calibration techniques and 
calibration panels.—Fischer & Porter Co., 3780 
County Line Rd., Hatboro, Penna. 











149 Broadway, N. Y. 








RECORDING 
GALVANOMETERS 








The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
galvanometers are offered at low cost 
over a wide range of frequencies and 
recording 


sensitivities to satisfy most 


requirements. For additional informa- 
tion, write for our Catalog No. CGC 
206. 

Manufactured under Century Pat. 
2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 


Goat 


CENTURY GEOPHYSICAL 
CORPORATION 


1340 North Utica 
Tulsa, Oklahoma 


1505 Race Street 
Philadelphia 


EXPORT OFFICE: 


World’s Largest Manufacturer of 
Geophysical and Special 
Galvanometers 
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Installation outdoors? Alcoa Tube gives you 
excellent corrosion-resistance. And, inside or 
outside, you save 40%. The low per-foot price 
makes a big difference on complete installations. 


Look under “aluminum” in your 
classified telephone directory—call 
your nearby Alcoa Distributor. 


NOTE: Due to rearmament, aluminum is not avail- 
able for unrestricted industrial use. However, 
when tubing is used, extensive engineering and 
planning are required. This advertisement is in- 
tended to help you with your planning. 


Aluminum Fittings Are Made 
By Nationally Known Manufacturers 


Book ON 


7q ny SPECIAL 
INSTRUMENT LINES 
Alcoa's new book "instru- 


. illus- 

\coa Aluminum” con 
oe ed with facts! Address: 
COMPANY OF AMERICA, 838B 
Pittsburgh 19, Pennsylvania. 


Write now for 
ment Lines of 


ALUMINUM 
Gulf Bidg., 


ALUMINUM 
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